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1HE objeft of this little book is to offer a series 
of illustrations of the Power, Beneficence, and 
Design displayed by the Creator in His works ; 
and to shew the peculiar titness of the Benedicite both 
to awaken and to express those devotional feelings by 
which we "bless, praise, and magnify" the Lord of 
Nature. 

The Book of Common Prayer, while faithfully pre- 
senting to us the blessed doiSrines of Christianity, has 
yet been not unmindful of that other branch of worship 
which seeks to honour God through the contemplation 
of His material works. For this end the Benedicite 
finds a place in the Morning Service of the Church ; 
nor would it be easy to obtain elsewhere a more fervent 
or comprehensive summary of the excellence of the 
Universe. 

If the contemplation of the wonders and exquisite 
adjustments of the universe arouse within us no other 
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viii Preface. 

reelingtihanthdtdf'ititelli^nt admiration, it falls kment- 
ably <hoft 'rif "lire -good it is intended to "produce. 

Knowledge of this kind misses its most ennobling purpose 
unless it be associated with religion ; and, though the 
intelle<S may improve in acquiring it, our moral nature 
loses the chief profit of the lesson. Still it is by no 
means here intended to exalt this meditative worship 
above its proper place, and it must always be sub- 
ordinate to those higher motives for adoration which 
are revealed in the doiftrines of Christianity. As a 
devout handmaiden Natural Theology waits humbly on 
Christian Truth, and with loving labour points out, 
explains, and illustrates the Creator's ways. Content 
to keep within the circle in which her elevating mission 
lies, she shrinks from being made to appear as the 
rival of Christianity. 

I have gladly embraced the opportunities which 
the subjefl so frequently affords of endeavouring to 
fill young hearts with kindly thoughts towards all God's 
creatiues. The perfection of their struiftiu'e, the interest 
that surrounds their habits, the uses they serve, and 
the many blessings they bring, ought to make the task 
an easy one. 

It is well worth cherishing the sentiment that the 
"beauty of nature" is not to be regarded merely as a 
piiSiu^ we are to admire or criticise, but rather as a 
substantial blessing — neither to be coldly passed by 
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without appreciation, nor enjoyed without thankfulness. 
AH nature is created to magnify the Lord, and the 
feelings of pleasure with which its contemplation inspires 
us can have no more fitting end than when they rise 
upward in silent songs of praise. 

This second edition has been to a veiy slight extent 
abridged, but at the same time care has been taken to 
make no omission that was hkefy to detradl &om its 
uscMness as an illustrative commentary on the Bene- 
dicite. A few improvements have also been introduced, 
while it is hoped that the alteration in the si2e of the 
work will render it more acceptable to the general public. 



The Waldrons, Croydon, 
Seftmier, 1868. 
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. GOD MAGNIFIED IN HIS WORKS. 



Babylon-— the glory of kingdoms, the beauty of the Chaldees' 
excellency I — Isaiah xiii. 19. 

Her cities are a desolation, a dry land, and a wilderness, 
a land wherein no man dwelleth. — Jeremiah li. 43, 

HuiialN an outlying province of the Turkish empire, 
rae )jSk where sultan and firman are oflen superseded 
^^^^ by the lawless will of sheik or pacha, two famous 
rivers— the Tigris and Euphrates — gradually converge, 
and, after mingling their waters together, glide gently 
onwards to the Persian guiph. In the fork thus fomaed 
between them stretches a vast plain, made known to us 
in early Scripture History as Shinar, Chaldaea, and 
Babylon, as well as by other less familiar names, but to 
which the term Mesopotamia has been more usually 
apphed, as it aptly designates a country lying between 
rivers. The general aspefl of the plain is one of de- 
solation. Fertile strips here and there border the Eu- 
phrates' banks, and willows are still seen flourishing 
where the sorrowing Israelites once hung up their 
harps; but away from those green fringes the eye 
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wanders over wide, dreary wastes from which the last 
traces of cultivation are slowly dying out. Vast traifls 
lie soaked in permanent swamps, while much of the 
remaining land is, at one period of the year, flooded 
by the unheeded inundations of the neighbouring rivers, 
and, at another, baked into an arid desert by the burning 
rays of the sun. It need scarcely be said that population 
has almost disappeared from those melancholy plains; 
for the wandering Arab is little tempted to pitch his tent 
or pasture his flocks on so sterile a soil. The doom 
so clearly foretold by the prophets has fallen upon it, 
and Babylon now " lies desolate in the sight of all 
that pass by." It has become the " habitation of the 
beasts of the desert" As the traveller plods onwards 
over its unfrequented traifts, the startled wild-fowl rises 
with quick splash from the reedy pool, or a few scared 
gazelles may perhaps be descried bounding over the dis- 
tant plain. The "owl" and the "bittern", the jackal 
and the hyena, are living testimonies to the exactness 
with which the words of Scripture have been fulfilled. 
More rarely a solitary lion may be seen skulking among 
the strange, mysterious mounds and "heaps" of stones 
that loom here and there above the plain. 

Mournful and dreary though this land now be, it is 
and ever will remain one of the most interesting spots on 
earth. It was not always " desolate." No other place, 
perhaps, clainls with a better title to be regarded as the 
scene where our first parents walked together in paradise. 
Such, at least, has been the common tradition; and in a 
well-known' edition of the Bible, published in 1599, may 
be found a map of the Garden of Eden, of which the 
old site of Babylon forms the centre. But, be that as it 
may, there can be no doubt of its former greatness and 
fertility, for the record is plainly written all over the soil. 
Everywhere it is furrowed by ruined canals, of which 
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some tell us of departed commerce and wealth, others of 
skilful irrigation and abundant crops. Heaps of rubbish 
are to be seen in which lie hidden fragments of pottery 
bearing witness to the former presence of a highly culti- 
vated people; and uncouth mounds rise strangely above 
the plain, in which the last relics of cities and palaces 
are buried together. For centuries History appeared to 
have lost her hold upon those great places of the past, 
and it is only within the last few years that some of them 
have been rescued from the oblivion that was slowly 
creeping over them. Questioned by the light of modem 
knowledge those mysterious stones of the plains reveal 
to us the first page in the history of nations — trans- 
port us back almost to the dawn where antiquity begins, 
and bring within sight those to whom the deluge was a 
recent event They impart a substance to scenes we 
have often tried in vain to realise. In imagination we 
behold Nimrod, the Mighty Hunter, busy with the found- 
ations of the city of Babel on the neighbouring Eu- 
phrates' bank, and piling up the "tower that was to 
reach to heaven," Then it was that the patriarchal dig- 
nity of early Bible records expanded into royalty, and 
Babylon became the starting point in the long pedigree 
of kingdoms. 

Babylon touched the zenith of its grandeur two thou- 
sand four hundred and fifty years ago, when Nebuchad- 
nezzar sat upon the throne. He was the great warrior 
of that age. After overrunning Egypt he had returned 
to his capital laden with its spoil; he had chastised his 
rebellious subjefts and treacherous allies, and he had 
utterly crushed the power of the Kings of Judah. The 
wicked and faithless Jehoialcim, blind to the warnings he 
received, had brought a terrible doom upon his country ; 
for Nebuchadnezzar, not content with plundering the 
treasures of the temple at Jerusalem, carried the king 
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himself a prisoner to Babylon. Among the captives on 
this occasion were included Daniel the Prophet and his 
three frieftds — Ananias, Azarias and Misael — who in the 
land of their exile received the Chaldean names of 
Shadrach, Meshach, and Abednega 

Nebuchadnezzar was no less great in the arts of 
peace than in those of war. He, therefore, encouraged 
learned men to make his capital their resort, and pro- 
moted the national prosperity by favouring agriculture 
and commerce. He dug canals in all direiflions to 
fertilise the land by irrigation. His merchants traded 
along the rich shores of the Mediterranean, and pene- 
trated even to remote China. He provided for the 
security of Babylon by building or strengthening its 
walls, and for its beauty by adorning it with palaces. 
Its "hanging-gardens" were acknowledged in ancient 
times to be one of the wonders of the world, and their 
fame has endured up to this very hour. 

At the court of such a monarch, Daniel's learning 
was sure to procure for him distiniftion, and he soon 
became a member of the college of Magi or wise men. 
His subsequent success in interpreting Nebuchadnez- 
zar's dream, after all others had failed, raised him to the 
first rank in the tyrant's favour, and we are told that 
" he sat in the gate of the king." Nor in his prosperitj' 
did he forget his three Jewish friends — Shadrach, Me- 
shach, and Abednego^who through his influence were 
promoted to be Governors in the province of Babylon. 

The history of Nebuchadnezzar and the burning, 
fiery furnace — so illustrative on the one hand of perfeiji 
trust in God, and, on the other, of God's power to 
deliver his servants from the assaults of their enemies 
— is endeared to all as one of the interesting Scripture 
narratives by which those who watched over us in child- 
hood endeavoured to attract us onwards to the know- 
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ledge of our Bible. In the book of Daniel it ia related 
how Nebuchadnezzar, after having been brought by the 
miraculous interpretation of his dream to acknowledge 
the " God of Gods and Lord of Kings," subsequently 
relapsed into idolatry through the corrupting influence 
of worldly prosperity. In the full swdl of his pride he set 
up a golden image, and commanded that all his sub- 
je<5ls should fall down and worship it. The Babylonian 
nobles, jealous of the favour shown to the captives, en- 
couraged this wicked fancy of the king, because they 
foresaw that the three Hebrew Governors would neither 
forsake the God of their Fathers, nor worship the image 
which the king had set up. And we know that when 
the hour of trial did come, Shadrach, Meshach, and 
Abednego remained true to their faith; and were forth- 
>vith bound and cast into the burning, fieiy furnace, as a 
punishment for their disobedience to the tyrant's will. 

From the torments and dangers of this ordeal the 
Three Hebrews were miraculously preserved. Daniel 
tells us that Nebuchadnezzar himself saw them " loose 
and walking in the midst of the fire." "Not a hair of 
thdr heads was singed, neither were their coats changed, 
nor had the smell of fire passed on them." Elsewhere, 
in the Song of the Three Children, we are told that 
"they walked in the midst of the fire, praising God, and 
blessing the Lord," After so signal a deliverance, who 
does not conceive the exulting fervour with which their 
Hymn of gratitude was poured forth? The deepest con- 
sciousness of the almighty Power of God welled Up in 
their hearts and burst from their lips, and the whole 
universe was ransacked for illustrations to typify and 
express it In whatever dire6tioQ they turned, they 
beheld nature crowded with emblems of His Greatness 
and Beneficence, and they eagerly welcomed them as 
aids to lift up their thoughts to the fervour of their 
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adoiadon. Shall not we also do wisely to profit by their 
example? Our daily obligations to God may not be so 
miraculous, in the ordinary meaning of the term, but 
they are, nevertheless, great and countless beyond our 
power to express. I^et us then, in humble consciousness 
of the poverty and imperfe<5tion of our thanksgivings, 
gladly make this suggestive hymn our own, and let us on 
all occasions accept with joy eveiy aid that helps us to 
"bless, praise, and magnify the Lord." 



Btntdicite, omnia Opera. 

O ALL ye Works of the Lord, bless ye the Lord : 
praise him, and magnify him for ever. 

O ye Angels of the Lord, bless ye the Lord : praise 
him, and magnify him for ever, 

O ye Heavens, bless ye the Lord : pr^se him, and 
magnify him for ever. 

O ye Waters that be above the Firmament, bless 
ye the Lord : praise him, and magnify him for ever, 

all ye Powers of the Lord, bless ye the Lord : 
praise him, and magnify him for ever. 

O ye Sun, and Moon, bless ye the Lord : pnuse him, 
and magnify him for ever. 

ye Stars of Heaven, bless ye the Lord : praise him, 
and magnify him for ever. 

O ye Showers, and Dew, bless ye the Lord : praise 
him, and magnify him for ever. 

O ye Winds of God, bless ye the Lord : praise him, 
and magnify him for ever. 
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ye Fire and Heat, bless ye the Lord : praise him, 
and magnify him for ever. 

O ye Winter and Summer, bless ye the Lord : prdse 
him, and magnify him for ever. 

O ye Dews, and Frosts, bless ye the Lord : praise 
him, and magnify him for ever. 

ye Frost and Cold, bless ye the Lord : praise him, 
and magnify him for ever. 

O ye Ice and Snow, bless ye the Lord : praise him, 
and magnify him for ever. 

O ye Nights, and Days, bless ye the Lord ; praise 
him, and magnify him for ever. 

O ye Light and Darkness, bless ye the Lord : praise 
him, and magnify him for ever. 

O ye Lightnings, and Clouds, bless ye the Lord : 
praise him, and magnify him for ever. 

O let the Earth bless the Lord : yea, let it praise him, 
and magnify him for ever. 

O ye Mountains, and Hills, bless ye the Lord : praise 
him, and magnify him for ever. 

O all ye Green Things upon the Earth, bless ye the 
Lord r praise him, and magnify him for ever. 

O ye Wells, bless ye the Lord : praise him, and 
magnify him for ever. 

O ye Seas, and Floods, bless ye the Lord : praise 
him, and magnify him for ever. 

O ye Whales, and all that move in the Waters, bless 
ye the Lord : praise him, and magnify him for ever. 

O all ye Fowls of the Air, bless ye the Lord : praise 
him, and magnify him for ever. 

O all ye Beasts, and Cattle, bless ye the Lord : praise 
him, and magnify him for ever. 

O ye Children of Men, bless ye the Lord : praise him, 
and magnify him for ever. 

O let Israel bless the Lord ; praise him, and magnify 
him for ever. 

v.. ... >^.ooi^lc 
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O ye Priests of the Lord, bless ye the Lord : praise 
him, and magnify him for ever. 

O ye Servants of the Lord, bless ye the Lord : praise 
him, and magnify him for ever, 

O ye Spirits and Souls of the Righteous, bless ye the 
Lord : praise hira, and magnify him for ever. 

O ye holy and humble Men of heart, bless ye the 
Lord ; praise hira, and magnify him for ever. 

Ananias, Azarias, and Misae!, bless ye the Lord : 
praise him, and magnify him for ever. 

Glory be to the Father, and to the Son : and to the 
Holy Ghost; 

As it was in the beginning, is now, and ever shall be : 
world without end. Amen. 

The " Benedicite" forms a part of The Song of The 
Three Children, with whom Shadrach, Meshach, and 
Abednego are believed to be identical. But, whether 
this be really so or not, the Canticle has an intrinsic 
interest of its own, both because it has been incorporated 
with the Service of the Church, and because when rightly 
felt it is one of the most suggestive and soul-stirring 
hymns in existence. In accordance with an injunftion 
in King Edward the Sixth's First Book, it is customary 
to sing the "Benedicite" during Lent Its special appro- 
priateness to the first Morning Lesson on Septuagesima, 
on Trinity Sunday, and on the Nineteenth Sunday there- 
after, not unfrequently leads to its introdu^ion on those 
occasions alsa In some churches, we regret to think, it 
is never heard at any other time, while in a few it seems to 
be banished from the Service altogether. It is even true 
that Books of Common Prayer have been published in 
which this hymn finds no place. It is impossible, indeed, 
not to perceive that there is with some an indifference in 
regard to it, which causes it to be occasionally sung rather 
in obedience to custom or ecclesiastical authority than from 
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any feeling of its fitness for devotional use. And yet, as 
it cannot be dented that many find in it a valuable help 
to adoration, the convi6tion arises that it is equally fitted 
to become an aid to alL Whence comes, let us ask, this ■ 
difference in the effefl produced by the same thing — 
whence this absence of appreciation which spoils and 
renders distasteful to some a hymn from which others 
derive such heart-felt benefit? May not the cause lie 
either in a too literal acceptance of the words themselves, 
or in the want of those few grains of knowledge which 
alone are needed to bring home the force of the hymn to 
ail as an exposition of the power and goodness of God ? 
When sculptors and painters represent animals bellow- 
ing forth praise from gaping mouths, they embody 
the literal meaning of the words, and thus help to give 
currency to that erroneous conception of their import 
which, with more or less distin<5lness, floats through the 
minds of many. But such a gross realisation of the 
hymn misses its purpose altogether. The " beasts that 
perish" have no knowledge of their Creator, and are not 
susceptible of those emotions which constitute adoration ; 
while it is man's highest privilege to enjoy the perception 
of God and to sing His praise. A literal interpretation 
given to the " Benedicite " clothes it with inconsistency, 
suggests an jEsopian fable rather than a Christian hymn, 
and tends to check rather than promote devotion. Let 
every shade of such a meaning be banished from the 
roind, and exchanged for another more true and elevating. 
It is only by the thoughts suggested to us in pondering 
on the wonderful perfections of animals that they can 
serve as aids to adoration; and it is in the same sense 
' only that dead things — such as stars, the sea, or the 
wind — can be associated with living things as promoting 
with equal fitness the sa(»e end. If this interpretation 
be not realised, the words of the Benedicite degenerate 
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into extravagance, and are stripped of all their beaudfiil 
significance in the minds of thoughtful men. Invested 
with the same indirect meaning, the names of Ananias, 
Azarias, and Misael are most fitly introduced among the 
invocations of the hymn. They have, it is true, long 
passed from the scene of their trials; but, though no 
voice of praise may rise from the grave, their memories 
remain to us as symbols of God's omnipotence. In 
thinking of them we recall the example of men who 
tnisted in the Lord and were not forsaken, who stood 
forth ready to brave the most cruel death rather than 
deny their faith, and whom no tyrant could either terrify 
or hurt, because they were upheld by God's protection. 
Is there no aid to devotion in such examples, or in the 
thoughts that rise up in association with such names ? On 
the contrary, no invocation in the hymn is more profita- 
ble or suggestive. Thus, by their trusting faith when 
living, they continue, even though dead, " to praise and 
magnify Him for ever." 

Though all are ready .to admit that everything in 
nature exhibits the power and goodness of God, it will 
not be denied that a little knowledge of the way in which 
these operate would give additional distinflness to the feel- 
ing. Such knowledge, indeed, will often suffice to change 
what is merely passive acquiescence into a fervent senti- 
ment of adoration founded on conviflion and experience. 
The Benedicite is most eminently a pTa<5tical hymn, 
capable of being woven into our whole nature. We sing 
it in the Church, but we may cany its spirit about with 
us everywhere, and make it our inseparable companion 
through life. The thoughtful consideration of God's 
works, when founded upon a knowledge of the power 
and goodness they display, creates a condition of mind 
so impressible that every solemn allusion to them in- 
stantly and without conscious effort raises within us 
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feelings of adoration in unison with the subjeift. The 
details of the wonderful perfeftions by which these 
feelings were originally developed may be absent, or even 
forgotten, but the devotional impress with which they 
once imbued the understanding never fades away. They 
who have acquired this sensibility to the hymns of praise 
for ever ascending &om all God's works have found 
an aid to adoration, whose value is known to themselves, 
but which must sometimes appear like extravagant af- 
feflation to others who have never taken any pains to 
cherish it It is only by such means that our minds 
can be brought into full harmony with the spirit of the 
Benedicite; but, when its words fall upon ears thus pre- 
pared by the understanding and the heart, they speak 
the clearest language, and stand forth as the emblems 
of Power, Wisdom, and Goodness. 

The objedl of this book is to offer a series of illus- 
trations of God's power, beneficence, and design, as 
they are suggested to our minds by the words of the 
"Benedicite," A few of the verses, it will be noticed, 
are omitted, not because they are inapphcable to de- 
votion, but because they do not come within range of 
that kind of illustration to which I have thought it proper 
to confine myself. Within this limitation, however, 
enough and more than enough remains for the work on 
hand. It may, indeed, be truly said that he who under- 
takes to cull from the many fields of nature the most 
striking examples of God's Providence will find his chief 
difficulty to arise ftom the "embarrassment of riches." 
He is like a man wandering in a gallery where all is truth 
and perfe^ion, and who has rashly engaged to single out 
that only which is preeminently the best A feeling of this 
kind weighs on me now, for, while illustrations abound on 
every side, I fear lest I should seleft some examples where 
others ought to have been preferred, — not because they are 
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more wonderful or more perfect, but because they are 
better adapted for the purpose here intended. I know 
beforehand that the subjedt, for its own sake, will be 
received with sympathy by those whose delight it is 
ever to be on the outlook for the suggestion of trains of 
thought which lead them to magnify God in His Works; 
but it would be even more gratifying to me if I should 
succeed in awakening an interest in the "Benedicite" 
in some who, perhaps, may not have hitherto considered 
its verses under the aspedl here given to them. Soon 
will they make the precious discovery thai every addition 
to their knowledge of the natural objects around them 
gives distin<Slness to the feeling wth which they join in 
the singing of this Hymn. 

While endeavouring to illustrate the efre<5l of a little 
knowledge in developing that sensitiveness to the divine 
goodness which, while it softens the heart, beckons us 
onwards to that worship which springs from the con- 
templation of natural objects, 1 wish carefully to guard 
against every appearance of desiring to elevate this 
means above its proper place. We are here dealing with 
the things that belong to the kingdom of nature, and not 
with those pertaining to the kingdom of grace; and, if 
need be, it must often be recalled that how praiseworthy 
soever this meditative worship may be, it can never 
supersede, and must always be subordinate to, those 
higher motives for worship which are unfolded in the 
doctrines of Christianity. The one is essential and must 
be done ; while all that can be said of the other is that 
it is both fitting and profitable, and ought not to be left 
undone. God has graciously endowed us with faculties 
to comprehend His Works, and with every new appre- 
ciation of His design we seem to be taken more and 
more into His confidence. What thriftless folly, then, to 
negleil or throw away this inestimable privilege! Ex- 



God magnified in his Works. IS 

perience proves that God blesses our efforts to trace out 
the perfeftion of His Works with an immediate reward, 
for the pursuit is replete with rational pleasure no less 
than with moral improvement 



praise the Lord with me, let us magnify His 
Name together. Ps. xxxiv. 
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THE HEAVENS. 

O ye Heavens, bless ye the Lord; praise Him, and 
magnify Him for ever. 

MONG all the sights the eye can look upon 
I nothing is comparable to the Heavens for the 
I sentiment with which they charm the mind. 
The language they speak comes to ns from remote, 
mysterious worlds; but, though it may be imperfe<5lly 
understood, it is at least universally felt The great and 
the little, the civilised man and the savage, the phi- 
losopher and the rustic — all feel their influence, and are 
from time to time irresistibly drawn towards them by 
mingled emotions of admiration, gratitude, and awe, 
such as none of the other features of nature can excite in 
an equal degree. No wonder, therefore, that the Three 
Children, searching for the grandest symbols of God's 
glory, should first of all turn with rapture towards the 
Heavens. Again and again the grand features of the 
finnament are passed in review, and invoked with fervour. 
In the eagerness of their adoration order and method 
cease to be regarded, and they pour forth their thoughts 
in song as these come welling up in their minds. So 
may it happily sometimes be with ourselves; and in 
those moments when we too are drawn with desire to 
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"bless, praise, and magnify the Lord" for the visible 
works of Creation, we shall surely find that the Heavens 
suggest to our conception the grandest symbols of His 
glory. 

So strongly, however, is the idea of the "incom-^ 
prehensible" associated by many with the aspe<5l of the 
firmament, that they are habitually prone to regard the 
teachings of astronomers as little else than scientific 
guess-work. Nevertheless, the best intelle»5ls in all 
countries assure us, and indeed visibly demonstrate, 
that within certain limits astronomy is the most exa6t 
of sciences, and that, even when it deals with distances 
and magnitudes which are pradlically inconceivable, its 
conclusions, though only claiming to be approximative, 
have yet no affinity whatever with guess-work. Let such 
sceptics think of the certainty with which sidereal events 
are predicted beforehand. Let them refledl on the evi- 
dence of the most exadt knowledge of the heavenly 
bodies involved in the calculation of eclipses, in fixing 
the very moment when the moon's dark outline shall 
begin to creep over the sun's bright disk, or in predi<5ting 
the instant when a satellite of Jupiter shall disappear 
behind that planet How wonderful the tracking of a 
comet's wanderings — millions of miles beyond the far 
off region of Uranus, and foretelling the time of its return 
after long years of absence ! Do not these, and a thou- 
sand other equally wonderfiil feats, attest both the sound- 
ness of the principles on which the astronomer works, 
and the reasonableness of our receiving his assurances 
with trust, even though it may be impossible for more 
than a few gifted minds to follow the calculations on 
which they are based? 

Did any of our readers ever happen to bestow a 
glance upon the Nautical Almanack? It is published 
by the considerate Government of our country at a very 
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cheap rate, in order to facilitate its entrance into the 
cabin of every seagoing ship. Ostensibly it is a volumi- 
nous colleftion of dry figures and curious signs running 
on interminably page after page; but, in reality, it is 
a yearly record of the soundness of the teachings of 
Astronomy, and of the blessings they bring to man. 
Eclipses of the sun and moon, of Jupiter's satellites, 
sidereal positions and distances, and a multitude of other 
heavenly events and matters of the last importance to 
navigation, are there foretold with the most rigid accuracy. 
Every single figure and every single sign represents an 
important sidereal faft, and is chained with a message 
from the skies for our guidance. On the trackless ocean 
this book is the mariner's trusted friend and counsellor, 
and daily and nightly its revelations bring safety to ships 
in all parts of the world. This mapping out beforehand, 
literally to a hairbreadth, the exadl order and track in 
which the heavenly bodies will run their course through 
space, and the precise relative position they will occupy 
at any given moment when they can be seen in any part 
of the world, is a feat which, if applicable to the current 
year only, might well fill us with astonishment But it 
becomes infinitely more marvellous when we refleiS that 
the Nautical Almanack is regularly published three or 
four years in advance, in order that the mariner, during 
his most distant voyages, may never be without his faith- 
ful monitor. It is truly something more than a mere 
book — it is an emblem of the power and order of the 
Creator in the government of the Heavens, and a monu- 
ment of the extent to which His creatures are privil^ed 
to unravel the laws of the Universe ! 

The year 1846 will ever be memorable for having 
witnessed one of the most striking illustrations of the 
truth of Astronomy. Few can have foi^otten the aston- 
ishment with which the discovery of the planet Neptune 
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was then received, or the fa<5l that it was due, not to a 
lucky or accidental pointing of the telescope towards a 
particular quarter of the heavens, but to positive calcula- 
tions worked out in the closet; thus proving that, before 
the planet was seen by the eye, it had been already 
grasped by the mind. The history of its finding was a 
triumph of human intellect. The distant Uranus — a 
planet hitherto orderly and corre<5t— begins to show un- 
usual movements in its orbit It is, somehow, not exatSly 
in the spot where according to the best calculations it 
ought to have been, and the whole astronomical world 
is thrown into perplexity. Two mathematicians, as yet 
but little known to fame, living fer apart in dififerent 
countries and ai5ting independently of each other, con- 
centrate the force of their penetrating intelle<5ls to find 
out the cause. The most obvious way of accounting 
for the event was to have inferred that some error in 
previous computations had occurred; and, in a matter so 
difficult, so abstruse, and so far off, what could have been 
more probable or more pardonable? But these astro- 
nomers knew that the laws of gravity are fixed and 
.sure, and that figures truly based on them cannot deceive. 
By profound calculations each arrives at the conclusion 
that nothing can account for the "perturbation" except 
the disturbing influence of some hitherto unknown mass 
of matter exerting its attra(5iion in a certain quarter of 
the Heavens. So implicit, so undoubting is the faith of 
Leverrier in the truth of his deduiflions, that he requests 
a brother astronomer in Berlin to look out for this mass 
at a special point in space on a particular night; and 
there, sure enough, the disturber immediately discloses 
himself, and soon proves his title to be admitted into the 
orderly rank of his fellow-planets. The coincidence of 
two astronomers, Leverrier and our countryman Adams, 
arriving at this discovery by calculations based on pre- 
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vioQs observation precludes every idea of guess-work ; 
while such was the agreement between their final de- 
duiStions, that the point of the Heavens fixed upon by 
both as the spot where the disturber lay was almost 
identical. "Such a discovery" says Arago "is one of 
the most brilliant manifestations of the exactitude of the 
system of modem Astronomers." 

The three Hebrews at Nebuchadnezzar's Court could 
have known comparatively little of the grandeur of the 
Heavens, yet even that little amply sufficed to point with 
its imagery the fervour of their worship. Since their day, 
the range of Astronomy has been by God's blessing 
widened, its views soar higher and probe deeper, its 
truths are better comprehended, its marvellous adjust- 
ments have been analysed and traced more clearly upon 
the understanding. And shall we, with our better know- 
ledge, find less aid in it to rouse our adoration than did 
the Three Children of old, and shall the more perfect 
view of the Heavens now vouchsafed to us fall cold and ■ 
resultless upon our hearts? If this, indeed, be the case, 
are we not treating with negledl an aid to adoration 
which God himself has spread out before our eyes, and 
are we not in some degree frustrating that purpose of 
praise and glorification for which both they and we were 
created? 

Astronomy is without question the grandest of sci- 
ences. It deals with masses, distances, and velocities 
which in their immensity belong to itself alone, and of 
which the mere conception transcends the utmost stretch 
of our finite faculties. In no other branch of science is 
the limited grasp of our intelle»a more forcibly broi^ht 
home to us. Yet, though baffled in the effort to rise to 
the level of its requirements, our strivings are by no 
means profitless. Is it not truly a precious privilege to 
be able to trace, imperfedly though it may be, the hand 
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of the All-mighty in these His grandest works, and thu^ 
to realise a broader consciousness of His Omnipotence? 
In raising our wonder and admiration other sciences 
need the help of details and expositions, but in Astro- 
nomy the mere enunciation of a few measurements 
suffices to elevate our ideas of His Power to the highest 
point to which man's faculties can soar. 

The expence of suitable instruments, the preliminary 
study, the persevering patience, and the long night vigils 
that are necessary, will probably always prevent the 
higher walks of Astronomy from becoming a popular 
pursuit; nevertheless, we earnestly recommend our young 
readers to seize every opportunity that may fall in their 
way of having a thoughtful look at the Heavens through 
a good telescope. That first look is never forgotten and 
forms an epoch in our life. Our faith in the realities of 
Astronomy passes with sudden bound from theory into 
practice; planets and stars become thenceforth living 
existences in our minds; our doubts vanish, and belief 
settles into convidlion. We behold the mysterious 
Moon of our childhood mapped into brilliant mountfun- 
peaks, and dark precipices, and softly lighted plains; we 
see Jupiter shining like another fair Luna, with attendant 
satellites moving round him in their well-known paths; 
or we turn with admiration to Saturn encircled by his 
famous ring, with outlines as distini5l as if that glorious 
creation lay but a few miles off. Perhaps we may be- 
hold the beauteous Venus shining with resplendent 
circular disk, or curiously passing through her many 
phases in mimic rivalry of the moon. Or, leaving these 
near neighbours far behind, we may penetrate more 
deeply into space, and mark how the brightest flashing 
stars shrink into small, unmagnifiable points. A few 
evening explorations in propitious weather will suffice 
to grave these sights and many other precious recol- 
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ledlions in our minds for ever. Then is realised, better 
than at any previous momenl of oui existence, the 
power of the Lord of Creation. 

While Astronomy thus lifts up man's conception of 
God's glory as displayed in his works, it is no less cal- 
culated to bring home to him the littleness of his own 
world amid the grand creations of the Universe, The 
stupendous truths at which the hnger of astronomy is 
ever pointing ought to keep uppermost in his heart the 
wholesome lessons of humility. Well may the oft-told 
interjedlion rise to his lips, Lord, what is man that Thou 
art mindful of him! Such thoughts, indeed, bring with 
them both humility and exultation. Man's habitation 
is in very truth a mere speck in the Universe, dwarfed 
and thrown into the shade by nearly all the worlds 
around it, and he himself is a mere atom creeping 
through his brief existence upon its surface. His high 
place in Creation is won by the loftiness of his moral 
nature, and, above all, by the destiny that awaits Mm. 
Apart from this revelation, man and his earth are but 
a grain of dust among the myriads of worlds that people 
the infinity of space. 

Therefore shall every good man sing of thy praise 
without ceasing. Ps. xxx. 
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ye Sun and Moon, bless ye the Lord; praise Him, and 
magni/y Him/or ever. 

1HERE are not a few in this world who habi- 
tually receive God's blessings so much as 2 
matter of course that they are scarcely con- 
scious of any aiSlive feeling of gratitude in regard to 
them. The very regularity and profusion with which 
these blessings are showered on all alike seems to have 
the effeil of deadening the sense of individual obligation. 
A general admission of thankfulness may occasionally 
be made at church or in the closet, but there is a want 
of that abiding consciousness of it with which we ought 
to be imbued, as well as of that frequent pondering upon 
details which causes the heart within to swell with 
gratitude. Such thoughts never fail to improve onr moral 
nature by bringing the truth home to us more and 
more that we are indeed God's children. 

It would be no easy task for a thankful mind to sum 
up all the blessings diffused over our planet by the sun. 
It is the mainspring of animated nature. Without its 
genial rays the present system of the earth's government 
could not endure, and life itself would soon disappear 
from the globe. To it we are indebted for light and 
warmth — the twin stimulants of vital force — for our food 
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and clothing, for our busy days and rest-bringing nights, 
for months and years, and happy alternations of the 
seasons. Its rays, in short, are intertwined with all our 
wants and comforts; they gladden the eye and cheer 
the heart. 

The sun is the central pivot of the sotar system, and 
round it the Earth and all the other planets keep whirl- 
ing in elliptical orbits. Its power and influence — its 
light, heat, and attraiSion — reach through a domain in 
space which it would require a line of more than 6000 
millions of miles to span. With a great part of this 
wide field astronomers are fiimiliar, and it may be truly 
said that scarcely a man knows the roads of his own 
parish with more exadlness than they do the highways 
of the skies. Not only can they map out to a nicety 
the paths of the planets careeriug through it like islands 
floatii^ in a sea of ether, but they can look backwards 
and tell the exaiSt spot where each globe was at any 
moment of the remote past, or forwards, and point 
to the place where each wilt be found at any given 
moment of the remote future. 

■ What is the mighty power which thus maintains such 
order in the Heavens, which steadies the planets in 
their orbits, and traces out for them a route so wisely 
planned as to avoid all chances of collision? Two 
antagonistic forces — gravitation or attra<5tion, combined 
with a centrifugal impulse — accomplish the wonderful 
task. To these faithful servants, which know neither 
fatigue nor slumber, God commits the safety of the 
Universe. Let us in imagination glance back to that 
far-off time when "in the beginning the Heavens and 
the Earth were created." Matter having been prepared 
sufficient, it may be, for the vast requirements of the 
solar system, every particle of it was endowed with the 
property of mutual attraction, and die force of this 
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attraction was fixed so as to aft in a certain propor- 
tion to mass and distance. In other words, the law 
then impressed on matter was, that attraftion should 
increase according to mass, and diminish according to 
the square of the distance. The particles of each planet, 
being as yet mobile, arranged themselves in obedience 
to their mutual attradlion into globes, just as we see the 
slippery particles of water coalesce into a drop, or as 
quicksilver runs into globules. The sun was placed 
in the centre, and became the pivot of the whole sys- 
tem, tying to itself the different worlds by the cord 
of its superior attraction. 

But it is obvious that in whatever comer of the 
sun's domain the planets had been placed, the search- 
ing power of his attraction would have found them 
out, and would inevitably have destroyed them by 
dragging them in upon himself, had this tendency not 
been counteracted by some other influence. Another 
force, therefore, was established — the centrifugal. The 
Great Architect, " weighing in his hand," as the Psalmist 
figuratively, and yet almost literally expresses it, the 
mass of each orb, projeiSed it on its course through 
space with exaClly that force and at exaCtly that angle 
which was needed to counterbalance the attractive power 
of the sun; and the obedient globe, thus seized upon 
by the two balanced forces, was compelled to move 
onwards in a path representing the diagonal between 
both. Thus were these great worlds launched on their 
mighty orbits, travelling over their year's journey with 
that perfeCl regularity which attests divine power; nor 
can anything stop the working of this most perfeCt 
machine except the Word which created it 

The voice of the Lord is mighty in operation. — ^Ps. cdx. 

How shall we mentally gauge the distance or esti- 
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mate the size of the master-centre which thus holds all 
the planets in his grasp? The immensity of both con- 
founds our efforts. When we are told that the sun is 
separated from us by a chasm of nearly 91 milhons of 
miles, that its diameter is 850,000 miles, and its circum- 
ference about 3,671,000 miles, we can realise nothing 
beyond a vague idea of vastness, and we are forced to 
look round for other standards to help our laggard 
faculties. From the comparatively small size of his 
disk when viewed from the earth, we catch the idea 
how enormous that distance must be which is able 
thus to dwaif it down. It is 384 times as far off as 
the moon. A cannon-ball fired from the earth and 
keeping up its velocity, would not reach it in less than 
22 years. "A railway train," Brayley observes, "at the 
average speed of thirty miles an hour, continuously 
maintained, would arrive at the moon in eleven months, 
but would not reach the sun in less than about 35a 
years; so that if such a train had been started in the 
year 1512, the 3rd year of the reign of Henry VIII., 
it would only have reached the sun in 1864." 

The sun's diameter is equally astounding. It exceeds 
by 107 times the mean diameter of the earth. The 
locomotive just mentioned, on its arrival at the sun, 
" would be rather more than a year and a half in reach- 
ing the sun's centre, three years and a half in passing 
across the sun, supposing it were tunnelled through, and 
ten years and one eighth in going round it." " Now the 
same train would attain the centre of the earth in five 
days and a half, pass through it in eleven days, and 
go round it in thirty-seven days." The bulk of the sun 
is not less than 600 times as great as that of all the 
planets put together; and it would take 1,405,000 Earths 
to make a globe of equal magnitude. 

Great difference of opinion prevails among astro- 
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nomers respefling the physical condition of the sun, . 
and both its surface and encircling atmospheres are full 
of mysterious grandeur. Its surface is believed to be 
much more rugged than that of our planet, with heights 
and clefts modelled on the scale of its vast magnitude. 
A mountain in the sun, however, in order to bear the 
same proportion to it as our highest Himalayan peaks do 
to our earth, would require to attain an altitude of 600 
miles : now none of its mountains have been estimated 
at more than zoo miles high. The mountains on the 
earth have been compared to the inequalities upon the 
rind of an orange, while those of the sun would in their 
proportion more resemble the tubercles of a pine-apple. 

Most astronomers consider the sun to be an incan- 
descent body encircled by two atmospheres. Like the 
distances and velocities and nearly all else that relates to 
the heavenly orbs, the sun's temperature overtasks our 
power to imagine, and we should require for its intelligible 
expression some new standard of measurement The 
minimum of solar temperature, indeed, seems to begin 
far above the point where terrestrial temperature leaves 
off According to one philosopher the heat is "seven 
times as great as that of the vivid ignition of the fuel in 
the strongest blast furnace ;" while another, after a careful 
series of experim,ents, estimates it at nearly 13 millions 
of degrees of Fahrenheit ! To aid us in appreciating this 
temperature, or rather to show how impossible it is even 
to conceive it, let us bear in mind that cast-iron requires 
for fusion a heat of only 2786 degrees, and that the 
oxy-hydrogen flame — one of the hottest known — does 
not much exceed 14000° Fahrenheit, or about one- 
thousandth part of the temperature here ascribed to 
the sun. 

Of the two atmospheres encircling the sun, that which 
is nearest its surface is considered to be non-luminous, 
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■ while the other floats upon it and forms the " photosphere" 
which we see in looking at the sun's bright disk. From 
this photosphere, as well as, probably, from the surface 
of the sun itself, are radiated the heat and light which 
vivify the planets of the solar system. Flame-like masses 
— some computed to be 150,000 miles in length — are 
piled upon or overlap each other, and sweep onwards in 
constant agitation, like mountain-billows of living fire. 
Although the light afforded by this furnace pales that of 
every other luminary, its amount has been approximately 
determined, for the purpose, as we shall soon see, of 
servii^ as a standard to astronomers when estimating 
the distances of the stars by means of the light they 
evolve. Thus Wollaston calculated that 20 millions of 
stars as bright as Sinus, or rather more than 800,000 
full moons, would be required in order to shed upon the 
earth an illumination equal to that of the sun. Another 
estimate makes sunhght equal to 5570 wax candles held 
at a distance of only one foot from an objeft. 

Let us now turn our back upon the sun, which for 
the sake of comparison may be represented by a globe 
two feet in diameter, and let us in imagination wing our 
way across the space filled by the solar system. A short 
flight of 37 millions of miles briugs us to a world which, 
compared with the two-feet globe, is no bigger than a 
grain of mustard-seed, while it is so bathed in the sun's 
dazzling rays that it is not easily distinguished when 
viewed from our earth. This fussy little planet whirls 
round the sun at the tremendous pace of a hundred 
thousand miles an hour, by which he earns his title to be 
called Mercury, the "swift-footed" of mythology. The 
sun being so near attracts it with prodigious force, and 
to counterafl this destruflive tendency a corresponding 
centrifugal impulse is absolutely necessary. From the 
strength of these two antagonistic forces its great velocity 
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naturally results. The adjustment is perfe6t. At a 
distance of 68 millions of miles from the sun we behold 
Venus, the brightest and most dazzling of the heavenly 
hosts. In comparative size, she may be represented by 
a pea. She is our nearest neighbour among the planets, 
and the conditions under which she exists recall many of 
those amid which we ourselves live. 

About 92 millions of nules from the sun we come 
upon another " pea," a trifle larger than the one repre- 
senting Venus, and in it we hail our old familiar mother 
Earth. Here we shall not now linger, but passing onwards 
some 50 millions of miles we are attraiSed by the well- 
known ruddy glow of Mars, — an appearance which may 
depend either on the refraftion of light in its atmosphere, 
resembling what we ourselves often see at sunset, or on 
the prevailing colour of its soil, which may be as highly 
tinted as our "old red sandstone." The comparative 
size is that of a pin's head. Mars is a planet that has 
lived down a very bad charafter. For ages every star- 
poet, astrologer, and almanack-maker had an ill word to 
say about him, and all sorts of evil things, including 
"manslaughter, bymings of houses and warres," were 
ascribed to his cross nature. But truth has at length 
prevailed, and he is now established as a member of the 
orderly solar company. His mean orbital speed is 54 
thousand miles an hour — nearly our own pace — but, as 
he takes twice as much time to run round the sun as we 
do, his year is twice as long. Casting a glance behind 
we are reminded of the distance that now separates us 
from the sun by the perceptible waning of his light 

We next spread our wings for a very long flight. In 
passing through the "asteroid" zone of solar space, 
about 260 millions of miles from the sun, we may chance 
to fall in with some worlds so small that a locomotive 
could travel round them in a few hours. We know not 
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very much about them, except that their ways are eccentric 
and mysterious. They want the smooth round outline 
of the old planets. Their rugged and fragmentary aspcfl 
su^ests that they may be the ruins of some grand parent- 
planet, shattered into pieces by fearful convulsions, 
and skilfully stowed away in space, so as to harmonize 
with the nice balancings of the solar system. 

At length the shores of huge Jupiter are reached, at a 
distance of nearly 500 millions of miles from the sun. 
To carry on the comparison, he is a "small orange" to 
the "pea" of our earth, or to the two-feet globe that 
represents the sun. His orbit is a path 3000 millions 
of miles long, which he accomplishes in an "annual" 
period of nearly ra of our years. The sun's light has 
now waned considerably, but four brilliant moons or 
satellites, one or more of which are always "fiill," afford 
some compensation. These moons, distant though they 
be from our earth, are not without their use to man, and 
every well-informed mariner that leaves our shores occa- 
sionally turns them to account in settling his position 
at sea. The principle is extremely simple. The exaift 
moment when one of these moons is eclipsed behind 
Jupiter's disk has to be noted by a chronometer rated to 
Greenwich time, and on reference to the Nautical Alma- 
nack it may be compared with the hour at which the 
same event is timed for Greenwich. The difference in 
time will give the longitude, 4 minutes being allowed for 
each degree. If the eclipse be in advance of Greenwich 
time, the ship is to the east of that place ; and to the 
west of it in the contrary case. Thus the good Lord has 
combined the lighting up of this far-off planet with a 
blessing to the inhabitants of our earth. 

Before we arrive at Saturn, in our "outward-bound" 
course, we have to pass through a space nearly equal to 
the distance of Jupiter from the sun. We are now more 
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than 900 millions of miles distant from the central pivot 
Saturn's comparative size may be represented by an 
orange considerably smaller than the last His year 
swallows up almost thirty of our own. The sun, though 
hardly giving one-ninetieth part of the light which we 
receive, is still equal to 3000 full moons, and is at least 
sufficient for vision, and all the necessary purposes of 
life. No fewer than eight satellites supplement the 
waning sunlight, besides a mysterious luminous " ring" 
of vast proportions. 

Twice as far away from the sun as Saturn, Uranus, 
represented by a cherry, plods his weary way. Although 
he has a diameter of 35,000 miles, he is rarely to be seen 
from the Earth by the naked eye. His annual journey 
round the sun is ro,ooo millions of miles, and he con- 
sumes what we should consider a long lifetime — 84 years 
— in getting over it. His nights are lighted up by at 
least four moons that are known, but others possibly 
exist The illumination received from the sun even here 
is equal to several hundred moons. Our litde earth has 
now iaded out of sight 

Only a few years ago Uranus was thought to be the 
last planetary station of our system, but the discovery of 
Neptune in 1846 gave us another resting-place on the 
long journey into space. Here, at a distance of 2862 
millions of miles from the sun, we may pause before 
entering upon the more remote exploration of the starry 
universe. We are now approaching the frontier regions 
of our system, and the sun's light and the power of his 
attraction are gradually passing away. Between the 
shores of our sun-system and the shores of the nearest 
star-system lies a vast, mysterious chasm, in the adjacent 
recesses of which may still lurk some undiscovered planets, 
but into which, so tar as we yet know, the wandering 
comets alone plunge deeply. We stand at last on the 
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frontier of our sun's domain, and we are in imagination 
looking across one of those broad gulfs which fence off 
the different systems of the Universe from each other. 
We understand the necessity for some such barrier being 
interposed between the contending attra<5tions of the 
giant masses of matter scattered through space, and 
that there should be a sea of limitation in which forces 
whose a<5tion might disturb each other should die out 
and be extinguished. In it the hght-flood of our glorious 
sun gets weaker and weaker, and its bright disk wastes 
away by distance until it shines no bigger than a twinkling 
Star. And here, too, the strong chain of its attratflion, 
which held with firm grasp the planets in their orbits, 
after gradually dwindling into a force that would not 
break a gossamer, is finally dissipated and lost. 

In gazing at our fellow-planets, as on a clear night 
they stand brightly out among the twinkling stars, who 
has not longed to penetrate their mystery, and to know 
whether, like our own earth, they are worlds full of life 
and movement ? The vast distance that intervenes forbids 
us to expe£l a direct solution of the question, for no 
instruments we can ever hope to make, would bring their 
possible inhabitants within the range of vision. We are 
reduced, therefore, to survey them with the sifting force 
of intellect, and to rest content with such circumstantial 
proof as is derived from a knowledge of their general 
stTui5ture, and the analogies subsisting between them 
and the earth. 

Among our nearest neighbours, Venus is nearly the 
size of our globe; while Mercury and Mars, though 
smaller, still form worlds which, to our ideas, are not 
so very different in their magnitude from our own. All 
the planets revolve in elliptical orbits round the sun, 
and the time consumed in this journey constitutes their 
year. Their polar axis is not "straight up and down," 
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but leans over or is "inclined" to the plane of their 
orbit, so that each pole is turned towards the sun at 
one period of the year, and away from it at another. 
This arrangement insures the regular alteration of sear 
sons and a variety of climates on their surface. The 
orbital inclination of Mars, for example, is much the 
same as that of the Earth, and therefore the relative 
proportion of hie seasons must have a close resemblance 
to our own. It might be expecSed under these circum- 
stances that ice would accumulate towards the poles in 
winter time, as on the Earth; and accordingly glacial 
accumulations have not only been observed by astro- 
nomers, but it has been remarked diat they occasionally 
diminish by melting during the heats of summer, while 
they increa^ in winter. 

Again, — the planets, like the Earth, turn n)und on 
their axis with perfect regularity, and those just men- 
tioned do so in very similar periods of time. Hence 
all have their days and nights. These divisions repre- 
sent in our minds intervals beneficently set apart by 
Providence for the welfare of living creatures — ^intervals 
designed to regulate alternate labour and rest in beings 
whose requirements in this respect seem to be analogous 
to our own. Rotation, moreover, insures to each planet 
a daily allowance of light and heat from the sun, which 
is necessary to the well-being both of animals and plants, 
and it is measured out to them with a regularity equal 
to that with which we ourselves receive it The amount 
of light and heat received by the metre distant planets 
must be necessarily small in comparison with our own 
supply; thus at Neptune it is a thousand times less th^i 
at our Earth. Still it is ea^ to conceive that by a cor- 
responding increase in the sensibility of the eye nearly 
every pinpose of vision may be adequately fulfilled. 
Even on our own Earth there are many animals which 
3 
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see with an amount of light whicli to us is little else than 
darkness. 

The next point of analogy is that mo st of the planets, 
if not all, are surrounded with atmospheres wiiich dis- 
tribute and refraift the light, while they retain and 
intensify the heat, just as on our Earth. In some of 
them, indeed, as in Venus, the soft twilight is as visible 
to astronomers as our own twilight is to ourselves. Earth 
has its atmosphere often chained with clouds, Jupiter 
is "belted" round with them; from which may be in- 
ferred the existence of an atmosphere and of water. An 
atmosphere must necessarily give rise to currents of wind. 
From the vast size of Jupiter, and the velocity with 
which his surface moves round at the equator, there 
must likewise be trade-winds of much greater force than 
our own. One effedl of those stormy trades would be 
to give a streaky chara<5ler to the clouds encircling 
tropical districts — a theory with which the appearance 
of Jupiter's famous belts exaiSlly corresponds. The main 
divisions of the surface into land and water can be dis- 
tinguished and mapped out in Mars, while chains of 
mountains are to be descried in Mercury and Venus. 

Analogy carries the argument still fiirther. Planets, 
like our Earth, have their moons, whose number and size 
are in some degree proportionate to the distance of the 
planet from the sun, or, in other words, to the ui^ency 
with which supplemental "lamps" are needed. Mercury 
and Venus, lying near the sun, bask in his light and 
have no proper satellites, although they must a<5l as 
moons to each other. Our Earth has one. Mars, 
though lying more remote from the sun than we are, 
has none. Jupiter, five times more distant from the sun 
than our earth, lias four satellites disposed with such 
careful design tliat some of them are always shining. 
Farther off, in the darker regions of the solar system, 
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Saturn's n^ht is broken by the splendour of eight 
satelUtes, some of which are always full, as well as by 
his wonderful luminous "ring"; while Uranus has not 
fewer than four moons, and probably may have more. 
As regards Neptune, his enormous distance must continue 
to make the number of his satellites a question of ex- 
treme difficulty. One, however, has already been dis- 
covered, and improved telescopes will probably reveal 
more. As corroborative evidence I need do no more 
in this place than merely allude to the recent results 
of spe<5lrum analysis, or the chymical examination of 
the light itself transmitted by them; from which it ap- 
pears that not only the sun and planets, but even the 
stars, aftually contain substances with which we are 
familiar here on earth. 

That those planetary globes, with their continents 
and oceans so analogous to our own in the plan of their 
physical conditions and so vastly surpassing them in 
extent of surface, should be void and barren and desti- 
tute of life in every form, seems scarcely consistent with 
our knowledge of the ways of the Creator. All overour 
globe, except, perhaps, among the polar snows or in the 
desert, we see life abounding. Space is everywhere 
economised by Nature, and thriftily allotted out to Irving 
creatures. To promote the spread of life the most 
dissimilar spots have inhabitants expressly constrained 
for them, so that every place may become a congenial 
home in which something living may flourish. The 
abundance of nature — the profiision of life — is proverbial, 
and forces itself on oui notice in every direftion. Is it 
likely then, that those vast orbs— with masses and den- 
sities so wonderfiilly modified and adjusted in accordance 
with tiie requirements of living creatures— with years 
and months, days and nights, seasons and climates — 
with atmospheres and twihghts, tiade-winds and currents 
3—2 
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— ^with Clouds and rains, continents and seas, mountains 
and polar snows — with sun, moon and stars, and, in 
short, with all the elements that make up the conditions 
of a habitable globe — is it conceivable that those glorious 
works of the Creator should have been formed to lie 
waste, sterile, and unprofitable? Or even if we could 
bring ourselves to think that those masses, whose united 
bulk dwarfs our Earth to insignificance, had been created 
solely as make-weights to keep this little atom of ours 
in its place, why should they have been provided with 
a complicated system of moons revolving round them 
to give them auxiliary light ^ For what conceivable 
purpose should deserts void of life have been specially 
supplied -with thtwe wonderful lamps to light them up 
in the absence of the sun? Our own moon, we know, 
was made "to rule the night," to give light to something 
that could profit by it ; has the same beautiful machinery 
been repeated, and even more extensively than here, for 
the sake of globes where 'nothing living exists to which 
it can be of use? Not less wonderful, and for a purpose 
not less obvious, is the way in which the size and den- 
sity of the different planets have been modified to har- 
monise with the probable strength and power of objeils 
existing upon them. The very conditions that would 
be incompatible with our organisation may, from the 
adjustments of creative wisdom, be exaflly suited to the 
beings inhabiting them. AU life, even if it be essentially 
the same in principle, may not everywhere assume the 
same outward expression, nor need we attempt to set 
limits in this respefl to the Lord of Life. The spaces 
lie there furnished and ready — the Word only was re- 
quired to people them with a life which may be different, 
but which, so far as we can understand the conditions, 
need not be very different, from the life we see exisdt^ 
around us. Refledtion upon these and other points 
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seems to reverse the questbn with which we set out, 
and to make the difficulty- consist in believing, not that 
life in some shape exists i^on our fellow planets, but 
that they can possibly be destitute of it The interest 
of such enquiries passes befond Iheir mere astronomical 
import, for they touch our conceptions of God's great- 
ness. Which of us does not long to be able reasonably 
to cherish the thought that, far away fnom this speck of 
Earth in the remote realms of space, we, behold worlds 
inhabited by beings who, it may be, are privileged like 
ourselves to know their Creator, and to bless, praise, 
and magnify Him for ever ? 

We turn towards our nearest neighbour in the solai 
system with a, sentiment bordering on familiar affection. 
We speak of it emphatically as "our moon," The sun 
we share with other planets, but this beauteous orb 
belongs exclusivdy to- ourselves. Transmittii^ to each 
other but little warmth, we yet che^ op the darkness 
of each other's nights by libanlly refleifting the rays 
which each receives from, d^ sun.. Like loyal friends 
we give and we take to our mutual, advantage;, and, as 
the. Earth is the larger reSeiSing body of die two, we 
repay with interest all the light we borrow. To young 
and old the moon is ever interesting and beautiful The 
infant questions it with delighted eye, and stretches out 
its tiny arms to play with or to catch it From moon- 
land have descended some of the mysterious legends 
of childhood. The boy soon learns to recognise "the 
man in the moon," and the familiar face roots itself in 
his imagination for Ufe. Its. gentle light is associated 
with many pleasures. We welcome its first curved streak 
in the west as a sign that our gloomy nights are past; 
we watch it to "the full" with ever-increasing admiration, 
and we part from it at last with regret and hope. Our 
very dogs salute it with their bark ; a notice they bestow , 
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on no other celestial objedt. Poised in the clear sky, 
or floating among the fleecy, tinted clouds, silvering the 
water or piercing through the trees — in eveiy phase and 
aspect it is beautifliL Like an enchanter it casts the 
charm of pi<Suresqueness over the meanest objefls, and 
masses which look hard or ugly in the garish light of 
the sun mellow into beauty when touched by the power 
of the moonbeam. 

The moon's journey round our earth — the lunar 
month — is accomplished in a little more than twenQr- 
nine days and a half. When interposed between the 
earth and sun she is invisible, because her dark side is 
turned towards us; but during nearly all the rest of her 
circuit she reflects a portion of the light received from 
the sun, and cheers our nights with brightness. The 
adtual amount of light thus transmitted is small when 
compared with that which floods in upon us from the 
sun, being scarcely equivalent to the 300,000th part; and 
it has been calculated that were the whole heavens cover- 
ed with fiill moons, it would not equal the light of the 
sun. The distance of the moon from the earth is nearly 
240,000 miles, and an express train could easily clear the 
distance in 300 days. 

Unhke the adttve Earth, which rotates on its axis 
every twenty-four hours, the moon turns herself round 
only once in twenty-seven days seven hours and forty- 
ioxa minutes. Everybody must have observed that the 
well-known features of "the man in the moon" never 
change; in other words, the same hemisphere of our 
satellite is always presented towards us. That this 
peculiarity is the result of the coincidence in point of 
time which exists between her axial rotation — consti- 
tuting her day — and her orbital rotation round the 
Earth, which constitutes our month, may be easily 
illustrated by experiment Thus, if a person move 
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slowly round a circular table, keeping his face, which 
we may suppose to represent the moon, always direi5ted 
towards the centre of the table, where we may suppose 
the Earth to be placed, he will find that in making one 
complete circle his face has rotated or turned round once 
also. Such is precisely the relation between Earth and 
moon during the course of the month, and thus it may 
be easily understood why we always see the same side of 
the moon, notwithstanding her rotation. 

As the moon revolves only once on her axis in the 
course of a month, it follows that during half of that time 
each hemisphere is turned towards the sun, and during 
the other half it is turned away from it; — the whole 
period forming one long day and one long night The 
Lunarians, therefore, if any exist, must be subject to a 
very singular climate. During their long "half-month" 
day the surface must be scorched by a sun whose 
fierceness is tempered by no atmosphere; and this must 
be succeeded by a " half-month " night, in which the sun 
is altogether absent, and the darkness is broken only by 
starlight During the day the temperature will far tran- 
scend the hottest tropical climate, while in the night it 
will sink far below the greatest cold of the ardtic regions. 

He who once fairly surveys the moon through a good 
telescope will never afterwards forget its aspecl. It 
charms the eye with its beauty no less than it fascinates 
the imagination. A good piiflorial chart or photograph 
gives an idea of it which wonderfiilly approaches na- 
ture, and it is as easy to trace upon it the various 
localities in the moon, as it is to follow upon a map 
the different features of the earth. If we look at the full 
moon we take, as it were, a bird's-eye view from a great 
height, which levels inequalities. Its disk presents a 
smiling, brilliant, yet softly lighted surface — a sunny 
land from which all gloom is banished. But both be- 
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fore and after the full moon, when we see its features 
more in profile, a difierent tale is told. Here aoA there 
softly shaded plains are still to be noticed, but the chief 
part of the surface appears to have been fashioned by 
the most violent volcanic forces. It is scarred and 
rent, convulsed and burnt into an arid, cindery ruin, 
Senuted craters, some more than a hundred miles wide, 
ate thickly dotted about, and enclosed within them are 
levels from whose centre cones of igneous origin shoot 
up. The brightest peaks, tiie darkest precipices, the 
most j^ged ridges crowd this rugged pidlure. To 
many minds the idea has suggested itself that some 
scathing doom has blighted the surfkce of our satellite, 
for nowhere else can nature match this aspe<5t of de- 
solation. Fancy rather than science tries to deal" with 
such a scene. Soma conjeflure that it may be an Earth 
burnt up and destroyed by the outpouring of God's 
wrath. Others suppose that it is a comparatively recent 
world — a globe in a state of chaos — whose crust has not 
yet been worn down by the hand of time to fit it for the 
abode of living creatures. Destitute of Ufe it doubtless 
appears to be at present, nor does its physical condition 
seem to fit it for ever becoming the abode of that kind of 
life which we see existing on our own globe. Amid 
such conje<5lures let us fall back with thankfulness upon 
what is certain. Cosmically considered it performs its 
part in upholding the balance of the solar system; and, 
in reference to the Earth, we know that it was created 
by Our Father "to rule the night," and in other ways to 
shed blessings on His children. 

Many of the mountains in the moon have been 
measured by ingenious mathematical processes, and at 
least one has been found to attain a height of 26,691 
feet, which, though not quite equal to that of our highest 
Himalayan or Andean peaks, is. yet proportionately 
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higher, since the moon's diameter is little more than 
a fourth of tiiat of the earth. When the rays of the sun 
fell obliquely upon them they appear bright on the side 
next the sun, and in dark shadow on the ade turned 
away from it Their peaked and ja^ed outline is best 
displayed along the inner mai^n o£ the cresc«it moon. 
Thus lunar mountains present in miniatiu'e an exa£t 
counterpart of the efifeifts which sunlight produces on 
the mountains of die earth.. In highland distridls the 
rays are first caught by the loftiest peaks, then the side 
next the sun is brightened, while the side turned away 
from it still remains in shade. Lastly, as the sun ad- 
vances, the western slope becomes illuminated, and the 
eastern in its tirni passes into darkness. 

From the almost total absraice of those effetfls that 
would necessarily result from the refrai5tion of light, 
astronomers conclude either that the moon has no- at- 
mosphere,, or that, if it exist, it must be as attenuated a^ 
the ail in the vacuum of an air-pump. For the same, 
and for other reasons, it is to be inferred that water is 
wanting also. During the long moon-day of half a month, 
the sun's rays beat fiercely upon its suriace, from, which 
clouds of vapour would certainly be sent up if any water 
existed for them to adt upon. The result would be to 
cover the moon with a nebulous screen impenetrable to 
vision,— a condition which is. plainly inconsistent «dth 
the fetft that whenever the earth's atmosphere is clear, 
we always see the moon with the same unvarying bright- 
ness. 

The Earth and its satellite, as has. been said, mutuaUy 
interchange their good offices, and shine vtpo-a. each 
other as moons. A curious illustration of this is seen 
when the dim outline of the rest of the moon fills up the 
hollow of the bright crescent, or when, in popular phrase, 
"the young moon has the old one in her arms." We all 
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know it is the refledled rays of the sun which makes the 
crescent visible, but how is it that we are thus able to 
see the rest of the moon upon which the sun is not 
shining? It is by what is termed "earth-shine," or by 
refleflion of those rays which in our quality of moon we 
send acrosstoher. The "earth-shine" on the moon is pale 
and shadowy, but we must recolledl that the rays which 
bring it to us have travelled over many a weary mile. 
They sprang originally from the fountain of the sun, and 
had first to speed across some 92 millions of miles before 
they reached our shores. They were then the young 
and joyous rays that dazzled our eyes by their bright- 
ness. Earth having caught them up, next sent them, 
softened into mild moonlight, across, the 240,000 miles 
of space that separates us from our satellite. And lastly, 
after having brightened up Luna's rugged surface, these 
wasted remnants of light were cast back once more 
across the wide sea of ether to the Earth, carrying 
with them to our eyes the dim image of the moon 
they had left behind. 

Some may be inclined to ask, — How happens it that 
this earth-shine is not seen at other phases of the moon? 
It arises from the circumstance that the crescent moon 
always coincides with the period when our fully illumined 
disk is turned towards it We are then at the "full." 
Our lamp-power, therefore, is at its highest, and is strong 
enough to produce the earth-shine. But when the moon 
is about half full, not only is our lamp-power diminished 
from our "phase" in relation to the moon having been 
changed, but the more extensive illumination of the 
moon herself by the dire<5l rays of the sun obscures and, 
as it were, "puts out" the more feeble earth-shine that 
was previously visible. 

From the comparative nearness of the moon, and 
the perfedtion gradually imparted to optical instruments. 
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many have been bold enough to anticipate that we shall 
one day see in it the familiar objefls of every day life, or 
even the Lunarians themselves, if any exist. This rather 
unreasonable expectation has been from time to time 
encouraged by fallacious announcements. Thus, on one 
occasion, it was given out that a town had been plainly 
descried in the moon; on another, that a fortification, 
with roads and canals, was equally discernible. But 
these supposed discoveries have never received subse- 
quent confirmation. On the contrary, Madler, of Berlin, 
has pointed out that it is in the highest degree im- 
probable we shall ever be able to detefl obje6ls so small 
as the human figure. The extreme distance, he remarks, 
at which a man is visible to the unassisted eye, is a 
German league. Now, to bring an objeft in the moon 
to that apparent distance would require a magnifying 
power of 51,000, a power which, with all our modem 
skill in instrument-making, we can never expe^ft to 
attain. 

Scripture as well as experience and common sense 
tell us that the moon was made "to rule the night," 
but some have objedted to the obvious- meaning of the 
expression, if not to the perfeiftion of the work itself, on 
the ground that the "lamp" is only occasionally lighted 
up. The observations of Laplace certainly sanflioned 
the opinion that the moon might possibly have been 
placed in the heavens in such a position as to be always 
"full" to us; but this advantage could only have been 
purchased at the cost of the loss of light arising from in- 
creased distance. As things are a<5tually regulated, 
moonlight brightens our earth on most nights of the 
year, and we are never long without pradiically ex- 
periencing the advantage of the light placed by Our 
Father in the heavens for our use. In ardlic regions the 
moon and the stars alone temper the darkness of 
the long winter's night, and all who have read the story 
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of polar voyages will lecoUeifL the thankfulaess with 
which the moonl^ht is welcomed The Arab of the 
desert steers on emergeacy by the light and positioa of 
the moon. Over the pathless seas the moon is die 
navigator's friend and counsellor, and places within his 
reach a sure means for measuring the longitude, and 
fixing the spot where the ship, may be. When we think 
of the fleets of noble vessels with their wealth of mer- 
chandise, and the thousands of hves whose safety is 
dependent on its teachings, we may fonn some estimate 
of the value of this blessing. "Without the moon's aid," 
an astronomer observes, "pur ships, instead of fearlessly 
traversing the ocean from pole to pole, would probably 
even now be incapable of performing long voyages, and 
would content themselves with exchanging commodities 
and intelligence between well-known and neighbouring 
shores." 

Of old the moon played a more important part than 
she now does in the notation of time; but, among many 
Eastern peoples, it still indicates the seasons, while 
its different phases serve as an almanack to mark 
particular days. Among the Jews the new moon was 
associated with certain rel^ous ceremonies, and men 
were stationed on the hill-tops to give the earliest notice 
of its approach. Some Orientals are also accustomed to 
indicate the seasonal stages of vegetable life by the 
epithets they apply to the moon;— thus there is the rice- 
moon, the wild-strawberry moon, the leaf-falling moon, 
and there is Ukewise an ice-moon. We have, at least, our 
glorious h^vest-moon. Nor is our satellite tmrecog- 
nised in our Church festivals; for Easter is always cele- 
brated on the Sunday following the first full moon which 
happens on or after the arst March, or vernal equinox. 
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TITE STARS OF HEAVEN. 

ye stars of Heaven, bless ye the Lord: praise Him, and 
magnify Him for ever. 

IE who turns his thoughts star-wards will speedily 
find his power of distinfl; conception stnuned 
to its Htmost effort; for as the distances, magni- 
tudes, and movements iamiliar to us upon earth are 
dwarfed by those of the Solar system, so do the latter in 
their turn shrink into insignificance when compared to 
the distances, magnitudes, and movements of the Stellar 
Universe. Miles now become useless, and no longer 
speak to us with their old intelligible meaning; while 
the other familiar aids that helped us on in the compre- 
hension of Solar measurements are scarcely more service- 
able. The locomotive with its 30 miles an hour, the 
cannon-bal! with its flight of'Soomiles an hour, are all too 
slow to mete out distances such as are now to occupy us. 
Nothing but light itself, cleaving through space with a 
velocity of 192,000 miles a second— or, according to 
Foucault^s latest estimate, 186,000 miles a second— can 
supply us with a standard capable of representing the 
remoteness of the more distant stats. 

In the immensity of the existences revealed by 
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astronomy we miss those homely illustrations of provi- 
dential design so often impressed upon us in out daily 
experience by the fiuniliar obje»Ss aiound us. But, 
on the other hand, we behold in their mightiest develop- 
ment the laws governing that Universe of worlds which 
peoples the realms of space, and among which our spot 
of earth occupies so humble a position. In presence of 
this grand view the physical details of our little globe 
seem almost too petty to be remembered. The Omni- 
potence of God confronts us with all the vividness 
which our imperfei^ understanding can conceive, and 
we bow our heads in humble adoration. 



The " Hosts of Heaven " are truly called innumerable ; 
and, as we glance upwards on a clear, stany night, the 
twinkling points that meet our gaze in all diieflions 
seem to defy enumeratiorL Yet, strange though it may 
appear, the sum of all the stars that can be distinguished 
by the nated eye in both hemispheres under the most 
favourable circumstances does not exceed 6000, and 
of these considerably less than half belong to our 
northern division. But, when the telescope is turned 
towards the sky, stars come forth in myriads from the 
dark depths of the firmament; and, as each additional 
light-grasping power is given to the instrument, a new 
^gion of the heavens is joined on to those already ex- 
plored, while every stratum of space thus added to 
vision is found to be studded with stars in an ever in- 
creasing ratio. It is difhcult to estimate the number 
which may thus be brought into view, but astronomers 
compute it to be not less than 100 millions. To a 
superficial observer the stars seem scattered about as if 
by chance, but a more carefiil inspe^ion reveals that 
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some fixed law of distribution, not yet unravelled, 'reigns 
supreme among them. "Suppose," says Dr Nichol, "a 
number of peas thrown at random on a chess-board, 
what would you expeiS? Certainly that they should be 
found occupying irregular or random positions; and if, 
contrary to this, in far more than average numbers, they 
were arranged by twos upon each square, it would be a 
most natural inference that here there was no random 
scattering'' Appearances, indeed, have convinced some 
most eminent astronomers that our own solar system — 
in its entirety — has been planted in the midst of a 
cluster of stars, of which the exterior rim is composed by 
the encircling stellar hoop of the Milky Way. Lying 
beyond the Milky Way are other groups, which may 
represent similar systems, but which, at all events, dis- 
play a certain, recognisable, general structure; and the 
same may be said of the still more remote nebuUe, when 
resolvable with fair distintflness into clusters of stars. 
In pidluring the distant regions of space Dr Nichol 
observes: "Mystery, indeed, heavy, almost oppressive, 
hangs over all the perspetftive; but the shapes strewn 
through that bewildering territory have nothing in com- 
mon wiUi the fantastic creations of a dream. It is the 
essence of these nebuUe that they are not formless, but, 
on the contrary, impressed indelibly by system on the 
grandest scale; clearly as a leaf they have an organism; 
something has seized on their enormous volumes, and 
moulded them into a wonderful order." Thus every thing 
bears the mark of obedience impressed upon it by the 
Almighty liand. That noble gift of God to man — the 
telescope — ^has served to magnify Him by rooting out 
every semblance of chance from the firmament, and ex- 
hibiting in its place design and established law. Up 
there as down here the idea of irregularity or chance is 
but the suggestion of our own ignorance. 
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Certain groups of stars, named Double and Multiple, 
are especially interesting to us from theii pFOcl^ming the 
harmony and order amid which they exist Far beyond 
tlK range of naked vision the telescope reveals to us 
that two or more stars are often linked together in the 
relation of sun and pJanet, or radicr as co-ordinate suns 
revolving round each other, or round a Common centre. 
Such stars, indeed, display evidences of design and 
power as convincing as those offered by die members (rf 
the solar system. The same law of gravity with which we 
are so iamiliar on earth, is in full operation among them, 
and their orbital revolutions in obedience to it have, in 
some instances, been observed and calculated upon the 
same principles as those by which the paths of the 
planets are determined. With more perfeft instruments 
and a sufficient allowance of time for the colleftion of 
data, their movements may, at some future day, be 
chronicled like other sidereal events. Yet so well are 
the orbital movements of some stars undeistood even 
now, that a "perturbation" or deviation from the usual 
path has been dete6ted in the bright Sirius, of the same 
nature as happened in the famous case of Uranus; and 
calculations, indicating the positiOTi in which the "per- 
turbator" would be found, were made on tiie same 
principle as those whidi led to the discovery of die 
planet Neptune. Nay more r — the disturbing mass which 
caused the star to staler in its path was deteifled by an 
■ American astronomer in the very quarter to which the 
finger of science had pointed. In pondering upon this 
marvel, let us not forget that the field in which this 
survey was made lies so far off in space, that the rays of 
light by which it was worked out probably left the star 
upwards of twenty years ago. "When a branch of 
science," says Guillemin, "scarcely. known two centuries 
ago, and cultivated steadily for less than a hundred years, 
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cirriveB at such Tesults, what may we not hope for in^the 
future progress of sidereal astronomy?" 

Binary and multiple stars — being suns — are probably 
attended by thcii planetary s-ysteras, giving rise to icos- 
mical conditions of extreme interest. The inhabitants 
of those earths — if there be any— wit! frequently see two 
suns, or two sunrises and sunsets on the same day. Oc- 
casionally there will be no night, from the continuance 
of one of the suns above the horizon; or one sun may 
be rising while another is setting. Moreover, as it often 
happens that the stars are of different colours, the most 
singular and beautiful appearances will arise. "It may 
be easier suggested in words," says Sir John Herscbel, 
"than conceived in imagination what a variety of illu- 
mination two stars, a red and a green, or a yellow and 
blue one, must afford a planet circulating round either, 
and what charming contrasts and grateful vicissitudes — a 
Ked and a green day, for instance, alternating with a 
white one and with darkness— must arise from the pre- 
sence or absence of one or other or both, from the 
horizon. " 

The most striking wonders of the Firmament are 
comprised in the distances, magnitudes, and velocities of 
the stars; and it may well excite our grateful astonishment 
that we, humble dwellers upon an atom of earth, should 
be privileged to gauge them with even approximative 
accuracy. Yet the principle on which astronomers have 
succeeded in measuring the distance of a few of the 
nearest stars is none other than that by which the surveyor 
maps out an estate or a county. It is an ordinary 
problem of triangulation. There is no doubt as to the 
truth of the principle employed, and there is no mystery 
in the process : the difficulty lies in the inevitable imper- 
fetSion of the instruments with which the measurements 
are made. But every new improvement in the instrument 
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cancels a certain amount of previous error; and even 
now there is among astronomers — working separately 
and independently — so wonderful an agreement in regard 
to the vast distances involved, that it is impossible to 
suppose either that such coincidence is accidental, or 
that there can be any material amount of error in the 
estimates formed. 

Has my reader ever heard of the parallax of the 
stars? We assure the youngest that he need not be 
scared by the scientific look of the expression, for the 
principle involved in it is in reality most easy to under- 
stand. It will, indeed, largely repay a few minutes of 
attention, for it is the ladder by which we shall best 
climb to a clear conception of those truths of the stellar 
universe which illustrate so grandly the Power of the 
Creator. And even where the conclusions to which it 
leads baffle all our mental efforts, the solid basis on which 
they rest will at least banish every idea of guesswork 
from our thoughts. 

It is easy to understand that parallax movement is 
that apparent shifting of bodies which arises from changing 
our own position. We cannot stir a step vrithout pro- 
ducing examples of it If wc pace up and down the 
street opposite to any objeift on the other side— as a 
door or a lamp-post — the angular direflion or parallax 
of the objefl changes at every moment If we sail down 
a river, and fix our eyes on some church spire at a 
distance from its bank, we find that the diretflion in 
which we see it is always altering. At first the spire 
appears in advance of us, then to our side, and lastly it 
lies behind. If, instead of limiting our attention to one 
objefl, we look at several that can be easily observed 
together, we find that as we move they move, or rather 
seem to move, and the angles formed by their lines of 
dire»5lion are changed relatively to each other and to us. 
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One cannot look out of a railway carriage without being 
amused by the way in which objedls seem to move about 
Trees, houses, and churches are never for a moment at 
rest Things that are in line "open out," as sailors 
would say ; neax objei5ts are moving backwards, the more 
distant are moving forwards. In this apparent change of 
position we have an example of parallax movement In 
all these cases the line between the points from which 
our observations are made is the "base;" and If the 
angle subtended by the objeift from the extremities of 
this base be given, the distance may be easily calculated. 

In all instances of this parallax shifting it must have 
been remarked that the effeil of a change of our position 
in altering the direction of obje<5ls is greater when they 
are near than when they are distant. A few paces will 
sensibly alter the angular position or dire6tion of the 
door or lamp-post on the opposite side of the street 
But if we look at a church some miles off, or at ships 
anchored in the offing, we find that we require to move 
much more than a few paces — in other words, the length 
of the base needs to be considerably increased — before 
we can make any sensible change in the angle or direi5lion 
in which we see them. In proportion, therefore, as the 
distance of objefls increases, so must we lengthen out 
the base from which we survey them in order to obtain 
distiniS parallax displacement It follows, too, that if, 
when surveyed from a short base line, objedls appear to 
have changed much, we may infer that they are near ; 
but, if the base require to be long in order to produce 
an effe<5i, we may equally infer that they are distant. 

Such is the plain and certain principle which astrono- 
mers applied to measure the distance of the stars; but 
the great difficulty was to find a base line long enough to 
give parallax displacement to obje<Ss so remote. Stations 
in tMs country were obviously too near each other for 
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such a purpose. Simultaneous observations were there- 
fore made at Greenwich and the Cape of Good Hope — 
the distance between the two stations of course represent- 
ing the "base" line — ^and from these the most interesting 
and important results were obtained. For it was found 
that, though a distin<3 parallax difference could be de- 
tefted in the planets, none whatever could be traced in 
the stars. And it Jbllowed, therefore, that white the 
planets were comparatively near, the distance of the stars 
was such that a still longer base was needed to liring 
them within the grasp of parallax. 

The line from Greenwich to the Cape having Jailed, 
astronomers next had recourse to the base represented 
by the diameter of the earth's orbit As our globe 
revolves annually round the sun, it is obvious that it 
must occupy a very different position in space at one 
period of the year from what it does at another. On 
the ist January it is at one extremity of its ellipse, on 
the ist July it is at the point exadlly opposite, and the 
length of a line drawn from the one station to the other 
is 190,600,000 miles. Could it be doubted that a base 
line was at last obtained long enough to ensure a pa- 
rallax for any conceivable distance? 

It may well be imagined with what astonishment 
the fa6t broke upon astronomers that, -even from this 
enormous base, the keenest scrutiny could not dete<5t 
the slightest displacement among the stars! Not one 
apparently changed its position by a single hair-breadth. 
The result perplexed philosophers, for it forced upon 
them the conclusion, either that the Copemican doc- 
trine of the earth's orbital movement round the sun was 
an error altogether, or else — what seemed almost as 
difficult to believe — that the base line yielded by the 
earth's orbital diameter was but an inappreciable point 
in relation to the inconceivable distance of the stars. 
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For generations, tfrerefore, "to discover the parallax of 
the stars" was a standing astronomical problem; but 
while the chief observers strove earnestly for the prize, 
the best a^iong them failed to carry it away. The 
triumph was reserved for our own time. 

In truth, however, diis- want of success in demon- 
strating the paraUax of die stars was no reproach to the 
older astronomers, for it depended on causes over which 
they had no control. To accomplish this grand obje<5l 
instruments of great delicacy were essential; and instru- 
ments have only been brought to the requisite degree 
of perfedlion within the last few years. But, be it re- 
marked, what those old philosophers could not register 
with the hand they yet saw clearly with the head; and, 
therefore, with perfeifl faith in the Copemican theory 
of the world's movement iit space, and in the ulrimate 
solvability of the problem, they never lost heart, nor 
ceased to strive for its accomplishment At length in 
1839 the long looked-for discovery was made almost 
simultaneously by two observers of equal merit; — our 
countryman, Henderson, at the Cape, having succeeded 
in measuring the parallax of a star known as a Centauri, 
while Bessel had already been equally fortunate in regard 
to 61 Cygni. It is satisfaiftory to think that these 
astronomical triumphs, after being scrutinised and tested 
in almost every great Observatory possessed of instru- 
ments equal to the work, have stood their ground and 
been abundantly confirmed. 

The difficulty of the feat is fully realised when we 
consider the small sum of the stellar displacement 
obtained,, which even in the case where it was greatest, 
did not quite amount to one second of a degree. Never- 
theless the conclusioa to be drawn even from so trilling 
a parallax was astounding;, for, when the necessary 
allowances 1^ been made, it was proved that the 
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distance of the nearest of the two stars from the earth 
was almost 20 billions of miles. How can we get into 
our minds some idea of so great a distance? The mile- 
standard is passed by as utterly vague and profitless. 
Do we succeed better when we are told that it is equal 
to 206,000 times the space separating the earth from 
the sun; or that a ray of light darted from the star 
could not reach our eye under three years and seven 
months, though it travelled with its usual speed of 
192,600 miles a second? "Such then," says Sir John 
Herschel, "is the length of the sounding line with 
which we first touch bottom in the attempt to fathom 
the great abyss of the sidereal Heavens." 

"First touch bottom!" Let us pause, and collet 
ourselves. Let us try soberly to realise the fe<5t that 
this flight, through which imagination carries us on the 
wings of a ray of light, lands us only at the threshold 
of the starry universe. So far as is yet known this 
famous star of the Centaur is our nearest neighbour. 
Of the thousands of others whose parallax astronomers 
have tried to measure, there are not more than a dozen 
where it has been detefted, and ail of them lie at 
enormous distances beyond. The well-known Sirius — 
the very star whose perturbations, as we have seen, have 
already been calculated and accounted for by visible 
demonstration — which from being the brightest among 
stars was supposed to be also the nearest, has been 
proved by parallax measurement to be at least six times 
the distance of a Centauri; from which it follows, that 
every ray of that flashing orb that now meets our eye 
set out on its journey towards us some twenty-two years 
ago. One of the most distant stars yet gauged by paral- 
lax is the beauteous CapeJla. In expressing its enor- 
mous distance all standards of measurement are useless 
save that which light supplies ; and even light, with its 
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speed of 193,000 miles each second, would take 72 years 
to reach our earth. As for stars placed at greater dis- 
tances the base Hne of the earth's orbit, seconded by 
the most perfedl modem instruments of measurement, 
fails to demonstrate with reliable accuracy any sensible 
amount of parallax. In relation to those Still more 
distant orbs, a base line of 190,600,000 miles shrinks 
into a mere point 

The belt of measurable parallax, therefore, compre- 
hends but a comparatively shallow layer of the firma- 
ment Ail "the Hosts of the stars" lie farther off in 
regions which no parallax can reach, and a longer base 
line than the diameter of the earth's orbit would be 
needed to continue the survey. With parallax ends the 
means of placing star- measurements on a reliable basis, 
and all beyond is little else than conjeiflure. Neverthe- 
less the illustrious Sir W. Herschel thought that, when 
parallax could plumb no longer, light still afforded a line 
which measured immensity with at least a rough approxi- 
mation. It is true that this method sets out with the 
hardy assumption that the size and illumination of the 
different stars are the same; whereas we know with 
cert^nty that both are subje6l, like the planets, to much 
variation. Nevertheless it may, perhaps, be assumed 
with considerable probability, that in the multitude of 
stars examined there must at least be some to which 
such a method will apply, and it therefore may serve, 
in the absence of all other means, as a rough measure of 
the depths of space beyond Capella to which the eye can 
penetrate. All are familiar with the faifl that light 
diminishes as we recede from it, in proportion as the 
square of the distance increases. If, for example, one 
luminous body be twice as far removed as another 
equally luminous body, it will give four times less light; 
if it be ten times as fer off, it will give a hundred times 
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less light, and so on in proportion. Now it has jnst 
been shewn that the distance of a Centaiui, an average 
star of the rst magnitude, is in round numbers ao bil- 
lions of miles, while it shines with an amount of bright- 
ness which, by means of an instrument called a photo- 
meter, can be measuned, and adopted as a standard 
from which toset out A star of the 6th magnitude, 
just visible to the naked eye, is found to have a light 
loo times less bright than a Centauii; and, therefore, 
it must be ten times mote distant, supposing the 
luminous surface to be the same in both. We have 
now. got a second standard, of measurement, according 
to; which, it may be assumed that a star having a bright- 
ness. which we can just discern is zoo billions of miles 
distant. Here we are, for a moment, necessarily brought 
toia stop, for our unaided sight is unable to force its way 
farther into space; and here, therefore, our survey must 
ha«e come to an end but for that wonderful " tube," by 
means of which the regions lying beyond have been 
fathomed to an extent that almost overwhelms. It 
fortunately happens that astronomers can "scale" a 
telescope; according to what is termed its "space-pene- 
trating" power. When, therefore, it is said to have a 
space -penetrating power of 50, it means that we can see 
50 times farther with it than with the naked eye — 50 
times as far, therefore, as the distance lying between us 
and the star of the 6di magnitude which has just been 
measured. Now Sir W. Herschel, by penetrating into 
space 75 times farther than the distance which separates 
us from a stM of the 6th magnitude, was able to bring 
stars thus deeply sunk in space to shine with a bright- 
ness equal to stars of that class. What was the stu- 
pendous import' thereby implied? A star of the 6th 
magnitude is at least 10 times more distant than o Cen- 
tauri,— its distance, aiercfore, is 200 billions of miles; 
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and the star 75 times more distant than this staT of the 
6th magnitude must have a distance of not less than 
15,000 bilhons of miles! How is this distance to be 
intelligibly expressed ? It is equal to 170 million times 
the distance of the sun from the earth — the unit being- 
92 millions of miles. Told off by terrestrial standards 
these figures souna vaguely and seem to stupify the ear, 
and scarcely indeed does even light itself rise to the 
level of such distances. It is astounding to think that 
the few straggling rays of light which at length found 
rest in Herschel's eye might possibly have left their 
native sun 2656 years ago, although they had travelled 
at the rate of 192 thousand miles a second ever since. 
The messenger arrives only now, but he speaks of an 
old event. "It is within the scope of physical pos- 
sibility," says Dr Lardner, "that those stars may have 
changed their conditions of existence, and consequently 
of appearance, or even have ceased to exist altogether 
more than zooo years ago, although we aiftuatly see 
them at this moment" 

But even those distances, stupendous though they 
be, do not represent the full depth of that fathoming of 
space which has possibly been effected by modem 
instruments. What shall we say of the Nebula;— those 
"wisps" of cloudy light that faintly gleam down upon 
us through the telescope from the remotest comers of 
the universe to which we can force our vision ? As- 
the more perfe6t instruments of recent days conquered 
their secret, one after another, and resolved the hazy 
cloudlets into clusters of bright stars, the conclusion 
naturally arose that, with every new increase of pene- 
trating power, we should only behold a repetition of 
the process. There do, however, appear to be many 
Nebulae which show no indications of resolvabiiity into 
stars; and "speiftrum analysis" — which is able to 
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question a ray of light by passing it through the prism— 
often comes in support of the telescope by rendering 
it probable that such distant glimmers are due to lumi- 
nous gaseous matter. But, after making allowance for 
these, there still remain many Nebulae of true stars — 
suns like the rest, heat-giving, and light-giving, and 
animated as our little Earth is by the same universal 
principle of gravitation. A certain cluster of stars was 
estimated by Sir W. Herschel to be 700 times the dis- 
tance of a star of the ist magnitude— therefore, at least 
700 times 19 billions of miles! But, observes Guillemin, 
"if this cluster were removed to five times its a<5lual 
distance, that is to say, to 3500 times the distance of 
Sirius, the large Herscbelian telescope of 40-feet focus 
would still show it, itif only as an irresolvable Nebula. 
It is, then, extremely probable that, among the many 
Nebulae indecomposable into stars, beyond the Milky 
Way, in the depths of the heavens, many are as distant 
as that of which we speak. Doubtless many are more so. 
Now to reach us, light-rays must have left stars situated 
at such a distance more than 700,000 years ago!" 

On such a subje(5l I prefer to transcribe words re- 
cently written by an astronomer, and they at least claim 
our attention as the conjeftural opinions of science. 
That such calculations are but the roughest of wide 
approximations— that they are liable to errors of a 
magnitude which in any other branch of physics except 
universe-measurement would make them utterly value- 
less, is a point admitted by none more readily than by 
astronomers themselves. Still, after every dedu6lion for 
probable error has been made, more than enough of 
solid truth remains to leave our highest conceptions 
hopelessly stranded, and it would even mock our power 
of belief did not reason tell us that such conclusions 
are in perfect accordance with the attributes of Omni- 
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potence. After we have reached the rim of this outer- 
most border, Infinity, boundless as ever, still lies beyond. 
The idea of God extinguishes in our mind every sus- 
picion that there can be any limit to space, magnitude, 
or power, in relation to His works- The mighty universe 
we have been considering is but the stepping-stone to 
what lies farther on; and although our imagination fails 
to grasp it, our reason assures us that it must be there. 

The distance of the stars is also strikingly brought 
home to us by the impossibility of magnifying them. 
When the telescope is pointed at the planets, as Venus 
or Jupiter, they can easily be made to look bigger than 
the full moon; — but, with regard to the stars, the 
telescope appears to fail altogether, for they are abso- 
lutely "unmagnifiable." Viewed by the highest powers 
they still remain mere specks of light; and, although 
their comparative brightness is increased, no one star 
is really made larger than another. When, therefore, 
the "magnitude" of a star is mentioned, it refers to its 
brightness, and not to the size of its nncleus. As the 
telescope cuts off the external rays, its effefl, indeed, 
is rather to diminish than enlarge, and Herschel used 
to affirm that the more he magnified the more the 
star appeared to shrink to a point. 

This result appears all the more astonishing when 
we consider the vast magnitude which the stars really 
possess. As they do not form any measurable disk, it 
is of course impossible to calculate their size from their 
known distance and apparent diameter, as may be done, 
for example, in the case of the moon; but astronomers 
possess other means by which their magnitude may be 
at least roughly estimated. It has been already mention- 
ed that, as we recede from a luminous surface, the 
quantity of tight received from it diminishes as the 
square of the distance increases. By applying this 
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principle, the sun supplies a means of measuring the 
magnitude of stars, always assuming, as may perhaps 
be done when the trial is extended over a great number, 
that the average intensity of the luminous surface is 
nearly the same in both. We know that the sun, being 
of a known size and at a known distance, gives a certain 
amount of light as determined by the photometer. Sup- 
poang that the sun were to be moved away from us in 
the diredtion of a Centauri, his light would diminish in 
the proportion in which the square of the distance in- 
creased; and, accordingly, before he had got much more 
than half way, he would have dwindled to the apparent 
size of a Centauri, If the sun were to be farther re- 
moved, his brightness would go on diminishing until at 
the distance of a. Centauri— rg billions of miles — he 
would shine as a star of the 2nd magnitude, or like the 
Pole-star. Thus it appears, that in order to enable the 
sun to shine .with a light equal to that of a Centauri at 
the same distance as that star, he would require to be 
twice his aftual size; and, therefore, the magnitude of 
a Centauri may be roughly estimated as double that 
of our sun. 

In contemplating "the stars of Heaven" by the 
views which astronomy unfolds, our thoughts are lifted 
away from the small things of this earth, and we reach 
our highest prartical perceptions of God's Power as 
Creator and Ruler of the Universe. We cannot, it is 
true, comprehend The Infinite, but astronomy stations 
us nearer to its frontier than any other science, and we 
are only stopped in our conceptions by that barrier 
which subdues all human intellefl, and beyond which 
it is not intended that we should pass. 

Not less marvellous are the stars in their velocities. 
We speak of them as the "fixed" stars, and so they are 
to us for all praiflical purposes ; yet some, if not all, have 
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a movement through space. Binary stars, as we have 
seen, circulate in orbits round each other, or round a 
common centre, with a regularity and speed which in 
some instances has been calculated. The star 6i Cygni 
— one of those whose parallax has been measured — rushes 
through space with the enormous velocity of 177,000 
miles an hour; while Mercury, the swiftest of our planets, 
does not exceed 100,000 miles in the same time. A star 
in the constellation of Ophiuchus, and another in the 
Scorpion, are moving on ho rapidly as to leave neigh- 
bouring stars behind them. There is a triple star in 
Cassiopeia journeyii^ through the heavens at the rate 
of 125,000 miles an hour. But Anflunis is the most 
rapid star-traveller yet discovered, moving onwards at 
a pace equal to 54 miles per second, or three times 
iaster than our earth in its orbit. Thus every thing 
ioonedled with the stars— distance, magnitude, and mo- 
tion — is equally gigantic and marvellous in its scale. 

Having glanced at the distances, magnitudes, and 
velocities of stars, let us pause for a moment to consider 
their number and the vast space they must necessarily 
occupy in the domain of creation. In an area of the 
Milky Way not exceeding one-tenth part of the moon's 
disk Herschel computed that there were at least 20,000 
s:ars, and by the most moderate estimate the number of 
stars that can be counted in the firmament by telescopic 
aid does not fall short of roo millions ! Clusters and, 
perhaps, Nebulie that liave not yet been resolved lie 
beyond. There is little doubt that most of those twink- 
ling points are suns dispensing light and heat to earths 
or planets hke our own; and, indeed, no bodies shining 
by reflefted light would be visible at such enormous 
distances. From the superior magnitude of those stars 
that have been measured, as compared to our sun, it may 
be assjmed that the average diameter of their solar 
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systems must exceed our own; but, taking it as equal, it 
would give a breadth of at least 6000 millions of miles 
as the field in space occupied by each. Every star or 
sun-system is, moreover, probably begirt with a gulf or 
void like that encircling our own, in which the antago- 
nistic or disturbing attraflions of surrounding suns waste 
themselves out and are extinguished; hence, the distance 
of each star from its nearest neighbour is probably not 
less than that which intervenes between our sun and the 
nearest star. Now this distance, as we have seen, cannot 
be less than 19 billions of miles. How inconceivably 
vast, therefore, must be the space required to give room 
for so many and such stupendous solar systems! The 
mind absolutely reels under the load of conceptions so 
mighty. Yet Infinity still lies beyond ! 

Among the great Hosts of heaven where is the home 
of our Earth and Solar system? A probability lying 
nearer to certainty than conjetflure suggests that our sun, 
with its planetary system, forms a unit in a cluster of 
stars, similar to those other clusters which we see gather- 
ed together in the far-off regions of the firmament The 
space occupied by our cluster may in shape be compared 
to a mill-stone, of which the Milky Way forms the en- 
compassing outer rim; while nearly in the centre of this _ 
gigantic assemblage of stars, and about half way between 
the two sides of "the millstone," rests our sun and its 
planets — "an atom in the luminous sand" of the Arma- 
ment. 

Stiil, rests is not the word, for there is absolutely 
nothing on earth or in the firmament which is stationary. 
That our sun — like all his fellow-stars — is travelling 
through space with a speed which though not yet deter- 
mined is certainly immense, is a point on which astro- 
nomers are agreed. The most recent calculations assign 
to it a rate of four miles per second. Whither arc 
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we hurrying, round what are we moving? These arc 
problems of which the solution is left to future observers, 
yet even now calculations tend to indicate that we are 
hastening on with rapid strides in the direction of the 
constellation Hercules. Who has not looked on clear 
nights at the twinkling Pleiades, and tried, perhaps, to 
count their sparkles as they glitter like diamonds on a 
field of black. Their name recalls a heathen fable, but 
they have an interest far more fascinating if it be true, as 
astronomers conjetfture, that among them is fixed the 
pivot which is central to the centre, and round which 
our sun with its system careers in an orbit whose length 
it is as impossible for us to conceive as the distance of 
the stars themselves. 

If astronomy were altogether silent on the subjedl, 
it would still be a hard matter for a refleifling mind to 
believe that the ma'sses which fill up space, the aggregate 
size of which dwarfs our earth into less than a micro- 
scopic atom, can have been created for no other purpose 
than to shed a glimmer of star-light on our dark evenings. 
" For what purpose," says Sir John Herschet, " are we 
to suppose such magnificent bodies scattered through 
the abyss of space ? Surely not to illumine our nights, 
which an additional moon of the thousandth part of the 
size of our own would do much better — not to sparkle 
as a pageant void of meaning and reality, and to be- 
wilder us among vajn conjectures. Useful, it is true, 
they are to man, as points of exaft and permanent 
reference ; but he must have studied astronomy to little 
purpose, who can suppose man to be the only objeifl 
of his Creator's care, or who does not see, in the vast 
and wonderful apparatus around us, provision for other 
races of animated beings." 

Though placed at such inconceivable distances from 
OUT earth, stars are yet near enough to contribute to 
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the happiness and safely of mankind. During the Gun'^ 
absence they bestow an illumination which, though fee- 
ble, is highly useful When the moon has forsaken the 
long polar night, they cast a dim twilight over the snow. 
In the deserts of the East, stars have served to guide 
the traveller since those ancient days when astronomy 
began to be cultivated on the plains of Chaldea. The 
pilots of antiquity learnt to steer by the stars before 
the loadstone was discovered; and, in these days of 
science, sun, moon, and stars may be said to cover t'le 
firmament with lamps and sign-posts. Familiarity with 
the fa^ has long dulled within us the feeling of sur- 
prise, still it is a wonderful thing to think that, in the 
most lonely spots of the trackless ocean, the position 
of a ship can be told with accuracy by questioning the 
aspects of the heavenly bodies. By means of sun, moon, 
and stars, aided by a chronometer "keeping Greenwich 
time, and by the Nautical Almanack, both latitude and 
longitude may be certainly determined. To these aids 
every ship that sails upon the wide ocean is daily m- 
debted for safety, nor could anything bring home to us 
more strikingly how even the most remote works of Our 
Father are made by his providence to subserve the wel- 
fare of His children. 

With what just propriety of thought has light been 
called the "voice" of the stars! Through light alone 
comes all the knowledge we possess concerning them. 
Had light been created with less marvellous properties 
than those it aftually possesses, even their existence 
would have been unknown to us. Can anything be con- 
ceived more suggestively true than the expressions with 
which the Heavens are described by the Psalmist? 

There U neither speech nor language, but their voices are lieard 
among them. 

Their sound is gone out into all lands, and their wordj unto 
the ends of the earth I 
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la the " speechless" voice of light stars proclaim to 
us from the depths of space the existence of innu- 
merable other worlds which, liie our own, share the 
Creator's care. Silently they tell us of distances, mag- 
nitudes, and velocities which transcend our power to con- 
ceive. With mute argument stars prove to us that, in 
those far off regions, gravitation — the power that brings 
the apple to the ground — still reigns supreme, and with 
winning whispers of probability they persuade us that, 
like our own bountihil sun, they abo bathe attendant 
worlds in floods of brightest light, deck them in colours 
of beauty, and shower countless blessings on the life of 
myriads of beings. 

He who by thoughtful contemplation has familiarised 
his mind with the wonders of the Heavens will feel his 
whole spirit imbued with the glory of the Great Archi- 
teft, by whose Almighty Word diey were called into 
existence. To him sun, moon, and stars, silent though 
they be, will speak a language which he will ever deeply 
feel even though he may not always comprehend. Nor 
will they fail, when solemnly invoked in the Service of 
the Church, to stir up responsive adoration in his heart, 
for they symbolize to him more than any other visible 
objects the Wisdom and Power of the Creator. 

'WhoEo is wise will ponder these thii^s, and they shall under- 
stand the loving-kindness of the Lord. — Ps. ujvii. 
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WINTER AND SUMMER. 



O ye Winter and Summer, bless ye the Lord: f raise Him, 
and magnify Him for ever. 



10D in His wisdom has appointed that the earth, 
like its fellow planets, should make an annual 
journey round the sun in a path which is not far 
from circular. During this time the earth is separated 
from the centra! luminary of our system by a mean dis- 
tance of 92 millions of miles, which has been designedly 
fixed as security to it the reception of that exa<5l amount 
of heat and light which is best suited to the requirements 
of the beings found upon it Any other distance than 
. this would, in fadl, have been incompatible with the 
order of life we see established around us. But, besides 
this arrangement as to distance, there are certain modi- 
fications in connexion with it which affeift most remark- 
ably the local distribution of heat over the globe, giving 
rise to seasonal variations — Winter and Summer — and 
to differences of chmate. In looking at an astronomical 
diagram it will be observed that the sun is placed, not in 
the centre, but in one of the foci of the elhpse which the 
earth's orbit describes round it; and the result of this 
necessarily is that the earth is nearer to the sun at one 
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period of the year than it is at another. The conclusion 
is naturally su^ested that this period of "nearness" 
must coincide with summer, and that of distance with 
winter; but, strange though it may appear, it is exaiSIy 
the reverse. On the ist January Che earth is about one- 
thuiieth part nearer the sun than it is on the 21st June. 

It is clear, therefore, that the cold of winter and the 
heat of summer must depend on other causes afting with 
power sufficient to overbalance the effetfi which this 
relative nearness or distance of the sun ought naturally 
to produce. Such a cause is found in the inclination of 
the earth's axis to the plane of its orbit The effedt of 
this airangement can be easily illustrated by an im- 
promptu orrery. Let a card placed near the centre of a 
round table represent the sun; a ball of worsted will be 
the earth, and a knitting-needle thrust through its centre 
will fonn its axis and poles. The rim of the table con- 
veniently traces the earth's orbit round the sun, while 
the flat surface forms the imaginary "plane," on a 
level with which the sun and the earth are supposed 
to be arranged. The earth's axis, it must be recollefted, 
is not perpendicular to this plane — not straight up and 
down — but is inclined towards, or leans upon, it at an 
angle of 23^ degrees. If we now apply the centre of 
the worsted ball, or earth, against the rim of the table at 
the point farthest removed from the sun, giving the knit- 
ting-needle, or axis, an inclination towards the sun to 
the amount specified; and if we then slide it round the 
rim, taking care not to alter the dire6tion of the inclina- 
tion, and to make the needle always maintain the same 
parallel throughout, we have a rough imitation of the 
orbit which the earth describes in its annual journey 
round the sun. 

But let us draw attention more particularly to the 
point in this arrangement on which the alternation of 
S— 3 
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summer and winter depends. If, on starting from that 
part of the rim of the table which is farthest from the 
" sun," the upper or north " pole " of the worsted ball be 
inclined towards that luminary, it will be found that on 
arriving at the side of the table exactly opposite — and 
nearest to the sun — the same "north pole" is now in- 
clined away from it. Exadlly the reverse of this has, of 
course, happened to the "south pole,-" it inclined at first 
from, hut now inclines towards the sun. The necessary 
effedt of these changes of position is to place that side of 
the earth, which for the time being leans toward the sun, 
in a more favourable position for receiving light and heat 
than the side which is inclined away from it The result 
thus produced upon the temperature much more than 
compensates for the heat either gained or lost on account 
of the comparative nearness or distance of the earth in 
relation to the sun at the two periods of the year, and it 
therefore rules the seasons. In the hemisphere which is 
inclined toward the sun there is summer; while, in that 
which '\% inclined away from it, there is winter. Every- 
body knows that when it is summer in England it is 
winter at the Antipodes. 

When we consider the perfeflion with which the con- 
ditions of animal and vegetable hfe have been adjusted 
to the distance of the earth from the sun — to their re- 
speftive sizes and densities — to the length of the earth's 
orbit — to the velocity with which it travels, and to the 
nicely poised inclination of its axis — we cannot fail to be 
deeply impressed with the evidences of design displayed 
by the Creator. The least deviation in any of these 
points from the conditions aiflually existing would have 
thrown the whole world of life into confiision. As Dr 
Whewell observes; — "Most of our fruit-trees, for ex- 
ample, require the year to be of its present length. If 
the Summer and the Autumn were much shorter, the 
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fruit could not ripen; if these seasons were much longer, 
the tree would put forth a fresh suit of btossoms to be 
cut down by the Winter, Or if the year were twice its 
present length, a second crop of fruit would probably not 
be matured, for want, among other things, of an inter- 
mediate season of rest and consolidation, such as the 
Winter is. Our forest-trees, in like manner, appear to 
need all the seasons of our present year for ttieir per- 
feiSlion; the Spring, Summer, and Autumn, for the de- 
velopment of their leaves and consequent formation of 
their proper juice, and of wood from this; and the Winter 
for the hardening and solidifying the substance thus 
formed." 

We have space in this chapter to notice only very 
briefly some of the causes which modify climate. The 
reader will find many additional observations bearing 
on this subjei5t in those sections of this book wherein 
Mountains, Winds, Ice and Snow, the Sea, and the 
Green things upon the Earth are considered. 

The great equaliser and mitigator of extremes of 
heat and cold is the ocean. A maritime climate is 
for the most part moderate in its seasonal changes 
compared to an inland climate on the same latitude. 
In cold northern Winters, the sea being warmer than 
the land tempers the wind which blows towards it ; while, 
in Summer, as the sea temperature is lower than that of 
the heated surface of the land, it imparts coolness to the 
breeze. Warmor coldoceancurrents,iftheybe extensive, 
have much influence on climate. Thus the great Gulf 
Stream, laden with the heat of the Tropics, by laving the 
shores of Western Europe.and more especially those of our 
own islands, sensibly moderates the rigour of the Winter ; 
while, on the other .hand, the cold current from the 
Greenland Sea and Baflin's Bay, which streams past New- 
foundland and the Atlantic shore of North America, 

1),,,.,, ,X'.ooi^lc 



70 Winter and Summer. 

materially lowers the climatic temperature of those coun- 
tries. 

As a general rule, the efFei5l of a deep inland or 
continental position in temperate regions is to give 
what is called an " extreme" character to the climate, — 
that is, to make it colder in Winter and hotter in Summer 
than other places on the same parallel of latitude which 
are surrounded by or near the sea. To illustrate this 
point the climate of Warsaw in nearly 52° 13' may be 
contrasted with that of Dublin in 53° 21'. Warsaw lies 
on the great plain of Central Europe, In Winter, the 
surface over a wide trai5l around loses its temperature 
under the influence of the long nights and keen frosts, 
while there is no neighbouring sea to mitigate the cold. 
On the contrary, there is an extensive land surface, 
which, being cooled down far below the freezing point, 
imparts to the air passing over Warsaw much of 
its own intense rigour. Dublin, on the other hand, by 
having a maritime position, enjoys during the Winter 
a far milder climate, although it lies more than a degree 
farther north. The temperature of its coldest month 
does not fall below a mean of 37°, while that of Warsaw 
sinks to 2^ degrees. In Summer, however, the same 
physical conditions produce exa<5tly the contrary effe<5t, 
The sandy plains round Warsaw get baked in the sun, 
and the air in passing over them is heated as in an 
oven; but round Dublin there are no scorched plains, 
and the sea that encircles Ireland tends still further to 
cool the temperature. Hence, while the mean of the 
hottest month at Warsaw is 70°, that of Dublin is. only 
60°. Thus Warsaw is 10 degrees colder than Dublin in 
Winter, and ro degrees hotter in Summer. 

To similar causes is to be attributed the extreme 
charafter of the climate throughout the greater part of 
North America, At New York, for example, the ther- 
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mometer during this summer of 1868 rose to 105* in the 
shade; while during the winter of 1866 it fell to 15* 
below zero, and marked 28° in places more inland. 
The explanation of this excessive rigour is that most 
of this vast continent lies far from the sea, while it 
stretches in unbroken continuation into the frozen re- 
gions. In the same way Central Asia chiefly owes its 
"extreme" climate to its distance from the ocean. 

Although there be no Winter or Summer within the 
tropics in the sense in which we understand them, there 
is nevertheless a division of the year into "wet and dry" 
periods, which, in their influence on the fiindtions of 
animal and more especially of vegetable life, have effefts 
analogous to those produced by the warm and cold 
seasons of higher latitudes. In the wet season vegetation 
is most vigorous ; but, after the dry season has continued 
for some time, the grass withers and dries, the deciduous 
leaves fall, the growth of plants is arrested, and the 
vegetable world reposes very much as in the winter 
of more northern climes. The analogy between these 
seasons is still more strikingly shown by the torpor into 
which some animals fall during the dry season, just as 
elsewhere they pass into a state of hybernation during 
the winter. Thus when that reptile-looking fish, the 
Lepidosiren of the river Gambia, perceives that the 
waters are falling on the approach of the diy season, 
and that food is becoming scarce, it buries itself in the 
mud, and there awaits in a dormant state the return of 
the rains. Sir J. K Tennent has noticed other animals 
in Ceylon which becometorpid during the dry season 
in the mud of the great water-tanks, and more extended 
observation wilt doubtless add to the list. 

Nowhere, from the force of contrast, is Summer more 
brilliantly joyous or its approach welcomed with greater 
delight than in polar regions, where amid perennial firost 
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and snow Winter seems to be enthroned for ever. The 
long-continued night, after passing through a tedious 
dawn, at length opens into that bright, brief interval in 
which spring, summer, and autumn are blended into one. 
In rays of warmth the sun sends forth the signal, and 
nature promptly answers to the call. As heat increases, 
the solitude once more shews signs of life and movement 
The frozen lumps and ledges covering the sea begin 
to strain and crack and split asunder, and glacier masses 
breaking loose from their icy cables yield themselves 
up to the current and the wind. Creatures that have 
long been slumbering in caves, or amid the snow, now 
shake off their torpor. Torpor enforced, but merdful ! 
As winter approached, supplies of food ran short and 
then became exhausted, so God in kindness sent them 
sleep. Hunger was extinguished in lethargy. It was 
needful to husband the forces of vitality until the time 
of abundance should again come round; so the heart 
was made to beat, and the lungs to breathe, at the 
lowest rate compatible with existence. The expenditure 
of fuel to maintain a sufficiency of animal warmth being 
thus brought down to its minimum, the lamp of life 
was sparingly fed with the fat providentially stored up 
in the body when food was plenty. But now, called 
forth by light and warmth, the bear creeps from its lair 
of snow, and seals and walruses begin to gambol round 
the rocks where lately solid ice sealed up the surface 
of the deep. Myriads of migratory waterfowl from the 
warm south whiten the inshore cliffs. Then the Esqui- 
maux, rousing himself from the enforced idleness of the 
long night, sallies forth to hunt and fish, and to gather 
up supplies of food in snow-built safes against the never- 
distant Winter. The short, thick grass and moss spread 
their carpet of green over every sheltered nook from 
which the snow has melted, and the rest of the scanty 



Winter and Summer. 73 

but often brightsome flora of remotest North puts on 
with marvellous rapidity its summer aspe<5ts. 

Diversity of climate and season — of Winter and 
Summer — over the globe has produced for man's ad- 
vantage a corresponding variety of animal and vegetable 
life. Man himself has an organic strength which enables 
him to exist in every clime; but other animals, and all 
plants, have a more hmited gec^raphical distribution, 
and are endowed with constitutions which fit them for 
thriving in certain regions only. By means of commerce, 
however, tlie shortcomings of one climate are happily 
supplemented by the riches of another, and all the most 
useful produdlions growing upon the earth are thus most 
widely scattered. This necessary interchange fulfils its 
purpose of knitting the whole world together in bonds of 
mutual dependence. 

We may ever rest assured that nothing in nature 
has been established without benevolent design, and 
even the difficulties arising from the proverbial uncertain- 
ties of climate, as well as the impediments encountered 
in the cultivation of the soil, are not without their use. 
Everything shews that we are here as in a training school, 
and surrounded by circumstances which, by demanding 
the energetic exercise of our faculties, tend to preserve 
and strengthen them. In man's contests with the so- 
called faults of climate, he is, for the most part, reason- 
ably viiftorious. His prudent foresight, his ingenious 
contrivances, his dexterous wielding of science to avert 
evils and improve opportunities, are continually shewing 
how abundantly the Creator has supplied him with all 
means needful for his welfare, in whatever quarter of the 
world his lot may happen to be cast. 

Diversity of climate circumscribes within limits more 
or less narrow many of the most useful of our food- 
producing plants, but this unavoidable evil has sometimes 
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been lessened or obviated in a way which affords another 
instance of the kind forethought of Our Father. One of 
the most valuable elements of vegetable diet is sugar, and 
nature has taken care that many articles in common 
use shall contain a fair proportion of it. At the same 
time, there are certain plants in which it exists so abun- 
dantly that we are accustomed to resort to them for our 
large supplies. Of these the chief is the well-known 
" cane." But the sugar-cane flourishes only in the tropics 
and adjacent regions; and therefore all sugar from this 
source consumed in extra-tropical countries must be 
brought to them by commerce. Many a wide distrifl, 
however, lying far in the interior of continents, is un- 
favourably situated for thus receiving its supplies, and it 
might either have been deprived of this nutriment alto- 
gether, or at least have been inadequately provided with 
it, had not Providence, with kind intent, created other 
sugar-producing plants constitutionally suited to different 
climates, for the purpose of distributing the gift more 
generally over the world. Thus we find that, from the 
tropical " cane " region to the Mediterranean, the supply 
of sugar is maintained by several plants, among which may 
be mentioned the date-palm and the fig. Beyond this, 
in climates corresponding to southern Europe, there are 
the sorghum and maize, from which much sugar is now 
manufaftured in France and America. Farther to the 
north, the beetroot in the field and the maple in the 
forest extend the series of sugar-producing plants almost 
to the verge of the ardic circle. In another article of 
diet, which from its importance we are accustomed to 
call the " stafi" of life," a similar providential succession 
is observed. Farinaceous food is tropically represented 
by the rice-plant in great abundance; in proceeding 
northwards rice is associated with the niaize or Indian 
com; that is succeeded by wheat; and lastly, we have 



Winter and Summer. 75 

oats and barley flourishing almost up to the North Cape. 
The same representative system is observed in r^ard 
to many other important vegetable principles. In this 
manner, then, the difficulties opposed by climate to the 
wide distribution over the globe of some of the most 
valuable produfts of the vegetable kingdom have been 
entirely surmounted. According to the laws regulating 
the vegetable kingdom, it was impossible for the same 
useful plants to flourish everywhere; but Providence 
created duplicates, as it were, to yield abundantly the 
same products, and adapted them by their constitution 
to take up their position in the different climatic belts of 
the world, in order that no extensive region should be 
without them. 

With all their imputed faults of climate, we have no 
occasion in these favoured islands to envy the plantal 
glories of warmer regions. In absolute beauty who shall 
say that we are not on an equality, whilst the great charm 
arising from the weli-matked progression of the seasons 
is more especially our own. Nothing is more frequently 
debated than the comparative attra6lions of the different 
periods of the year, and certainly no season — not except- 
ing even Winter — need be without its admirers. . The 
never-ending contrasts which every season spreads be- 
fore us unquestionably contribute much to enhance our 
enjoyment Never do "green things" seem so green or 
flowers so bright as when our first glimpses of* them are 
caught through the opening portals of the Spring. Then 
do we feel more than at any other time the great value of 
this seasonal alternation. How gladly the eye wanders 
over and reposes upon the " universal garb " of nature. 
To the beauties of Summer and Autumn we are led 
up as it were through an abounding avenue which, by 
preparing us for what is to follow, lessens in some 
degree the keenness of our relish. The banquet 'js 
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more varied, but the freshness of the Spring appetite is 
wanting. 

Though Winter may yield in beauty to other seasons, 
it is yet universally felt to have special attra<Sions of its 
own. There is much to admire in the cheery, ruddy 
glow of the sun, in the noble and pifturesque though 
naked forms of the woods, in the hoar-frost on the grass, 
in the sparkle of the ice-gemmed trees, the stalaiflites of 
crystal, and the wreaths of snow. Even in Winter's 
gloomiest moods the comforting thought is ever rising to 
our mind, that the stillness we see around is not death 
but needfiil repose vouchsafed to nature in mercy, and 
that the woods will soon ^dn be clothed in green, and 
vocal with the songs of birds. 

Winter has yet another aspeft by which it is en- 
deared to us. At Christmas-time it is crowned by the 
great Festival of the Church and of the family. Then, 
while nature slumbers in wood and field. Winter is 
brightly and lovingly awake around the hearth, gladden- 
ing millions of hearts with warm affeflion. Families that 
were scattered by the various calls of life once more 
gather together to enjoy the present, glance at the past, 
and treasure up new associations for the future. Then 
shops put on their gayest looks, and young and old press 
eageriy forward in search of the littie gifts that are to 
make others happy. Streets and railway stations are 
thronged ^vith bustling groups hurrying on to claim from 
expectant friends the cordial welcome of the season. 
Here and there, too, may be seen the "knotiess threads" 
and waifs of the world drawn onwards by the social in- 
fluence of the season towards some genial home, where, 
for a time, the sense of loneliness will be forgotten. At 
Christmas the Church and the Home seem to draw 
closer to each other, and thoughts awakened by the 
solemn festival mingle with and temper the current of 
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femily rejoicing. Christmas is preeminently the season 
of "good-will towards men." Under its kindly impulses 
the mind softens with sympathy, and, while keenly alive 
to the blessings that fall to its own lot, is more heedfUl, 
perhaps, than at other times of the plaints of the less 
fortunate. The parish workhouse is for the day made 
radiant with merry faces, and Charity enters through its 
gloomy gates to spread the feast in honour of the 
Anniversary, In the good soil which Christmas thus 
prepares in the heart old friendships revive and new 
affe<5tions quickly strike their roots; while animosities, 
curbed by the gentle influences of the season, shrink out 
of sight, or are swept away alt<^ether in the gush of 
better feelings. 

The lot is fallen imto me in a fair ground : yea, I have a goodl)- 
heritage. Ps. xvL 
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O yt Nights and Days, bless ye the Lord: praise Him, 
and magnify Him for ever. 



IE have already described the Earth's orlatal 
movement round the sun, from which our year 
results; and we now briefly direft attention to 
that other movement of the Earth by which, in turning 
upon its axis every 23 hours 56 minutes and 4 seconds, 
it divides time into nights and days. How perfect the 
working of that machine must be by which this division 
is meted out may be inferred from a calculation by 
Laplace, which demonstrated that "it was impossible a 
difference of one hundredth of a second of time should 
have occurred between the length of the day in the 
earliest ages, and at the present time!" 

Reverting for a moment to our impromptu orrery, it 
is obvious that if the ball of worsted, representing the 
Earth, were to be held steady during its solar orbit, so as 
not to turn round on its axis, one hemisphere of its 
surface would be direfled towards the sun for one half 
of its circuit, and the remaining hemisphere during the 
other half. In other words, a whole year would be 
divided into one long day and one long night. During 
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the day the sun would always be above the horizon, and 
the accumulation of heat which would thus accrae would 
far transcend the hottest tropical climate. In the other 
hemisphere, turned away from the sun, there would be a 
constant loss of heat from radiation, and as no compen- 
satory rays would be received from that luminary, the 
temperature would sink below that of the frozen regions. 
It is clear that such an arrangement would be incom- 
patible with the conditions under which life now exists 
upon our globe. Having regard to the constitution that 
has been given to animals and plants, it is absolutely 
necessary that heat and light should be meted out to 
them at intervals sufiiciently frequent to guarS against 
extremes of temperature. Therefore it is ordained that 
the Earth shall revolve once upon its axis in a period 
nearly amounting to twenty-four hours, — an arrangement 
by which twelve hours of alternate day and night, of 
warm sunlight and cool darkness, are secured to each 
hemisphere. 

The intervals of night and day are, moreover, in 
perfeift harmony with that law of nature by which all 
animals require seasons of rest to alternate with periods 
of aflivity. The demand for repose is universally felt 
and obeyed. Even plants may be said to have their 
days and nights, in the sense of intervals for activity and 
rest; but for them the hours of labour are struck by the 
seasons — by the orbital and not by the axial rotation of 
the earth. In spring, summer, and autumn the sap cir- 
culates briskly, the manufafture of wood proceeds with- 
out intermission, and various special produdls, as gum, 
starch, sugar and other matters, are elaborated. But on 
the approach of winter — the evening of their long day's 
work— plants turn weary, and by a poetical figure we 
habitually speak of them as " falling asleep." So essen- 
tial is this period of repose that in the tropics, where 
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there is no winter's cold to chill them into rest, nature 
brings on the salutaiy torpor by means of the sun's fierce 
rays. And how gladdening the tropical dawn after the 
long parched night, when plants awake &om their sleep, 
and burst forth once more in freshness to resume their 
day of work ! 

Night mercifully beckons the world to rest The 
busy sounds of day cease to distrafl the ear, and nature 
gently points towards repose. How sad when the silent 
hours of darkness refuse to Steep in sweet oblivion the 
senses of the care-worn, or to dull the racked nerves of 
him who languishes upon a bed of sickness. Sleep is 
best worffed by labour—it is the reward with which nature 
blesses exertion. How grateful sleep is to the busy 
workers of the world; to the drones only is it apt to be, 
like their life, a listless, scarcely enjoyed vacuity. Night, 
too, calls us to meditation. When darkness drops its 
curtain over the things of earth, the mind is prompted 
to look inwards. The brief but salutary retrospeft of 
the day should then be made, and the account closed. 
In prayer the soul finds peace, and sleep steals softly on 
amid Uioughts that recall the Divine protedlion. 
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LIGHT AND DARKNESS. 

ye Light and Darkness, bless ye the Lord: praise Him, 
and magnify Him for ever. 

1M0NG those Works of the Lord to which this 
Hymn appeals there is not one more full of 
blessings to mankind than Light, or one which 
more praises and magnifies the Creator. Its essential 
nature is still a mystery. Some philosophers suppose it 
to be an " emanation " from luminous bodies of incon- 
ceivably minute atoms which a6l on the retina of the 
eye like odorous particles on the nerves of smell. More 
generally its phenomena are referred to "undulations" 
in a subtle ether pervading space, and travelling onwards 
to the eye by a movement resembling waves in the 
ocean. This theory, therefore, points to an analogy with 
the sense of hearing. 

How wonderful is the construi5lion of that little in- 
strument by which light is made to minister to vision \ 
There is truly nothing in the whole range of nature 
which more convincingly demonstrates design than'the 
mutual adaptations of eye and light This organ, equall)' 
perfect in contrivance and in finish, exhibits die most 
wonderful combination of organic power with a mecha- 
6 
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nical apparatus fonned on the regular principles of op- 
tics. We see objefls by reflefted light; in other words, 
the objeiS must first be illuminated, and then it must 
reflect a certain amount of this light into our eyes. But 
as the entrance of too many or too bright rays would 
dazzle vision, while too few would leave it obscure and 
indistinfl, an ever vigilant sentinel — tKe iris, on which 
the colour depends — is posted across the front of the 
eye, to regulate, by the expansion or contraftion of the 
pupil, the exafl number of rays that ought to be admit- 
ted. It is also necessary that the rays, after entering the 
eye, should be made to converge so as to depiiS a dis- 
tinft image on the retina, or nerve of vision, spread out 
like a concave mirror at the back of the organ. For 
this purpose a lens, as clear as crystal, is fixed up im- 
mediately behind the pupil, to " refradl " or bend the 
rays into the proper focus. To preserve so delicate an 
apparatus from injury, it is sunk as deeply in the face as 
is consistent with free range of vision, it is defended all 
round by projefting ridges of bone, and made to move 
softly on an adipose cushion. Eyebrows, moreover, are 
placed above, and fringing eyelashes in front, to guard 
against excessive light; while, by the rapid movement of 
the eyelids, tears are diffused over the surface of the eye 
exposed to the air to keep it moist and glistening. Such 
are a few only of the beautiful contrivances exhibited by 
this organ. 

Light, though colourless and invisible, is in reality 
made up of seven different tints, which again may be 
reduced to three — red, yellow, and blue^ — out of which 
the others are formed. The whole series is finely dis- 
played in that separation of light into its constituent 
parts which takes place in a prism of glass or in the 
water drops of the rainbow. Objefts which absorb 
nearly all the rays are black; those which reflefl them 
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all are white ; and we owe the charm of colour to the 
circumstance that most bodies, while decomposing the 
rays of light that fall on them, absorb some of the con- 
stituent tints and reflqd the others. By the endless 
combination of these last every variety of colour is pro- 
duced. In many ways colours are convenient and use- 
ful, nor will any one deny that the face of nature would 
have lost its highest charm had not this property been 
bestowed on light 

The sun is the great fountain of Light; but, without 
the co-operation of the atmosphere to diffuse it over 
objeiSls, the illumination of this earth would have been 
most imperfedt, and light could never have become the 
universal blessing which it now is. Objects on which 
the direiSi rays of the sun fell would, of course, have 
reflefted light and been visible; but objefts which were 
in shade, and which, therefore, did not receive any diredl 
solar rays, would have been invisible. Let any one 
attempt to realise the confusion into which the world 
would thus have been thrown. Even in the brightest 
sunshine we should have seen things only in broken 
fragments. The varied beauty of scenery would have 
vanished, and every landscape would have been dis- 
figured with seams and patches of inky blackness. The 
rays of the sun in passing through a window would have 
br^htened the surfaces they touched, while all around 
was left in almost midnight darkness. In conversing 
with a friend, the side turned towards the sun would 
alone liave been visible; and, if our face happened 
to be opposite to his and in shade, he could not have 
seen it When a cloud passed over the sun, both of 
us would have vanished into darkness, as if from a 
sudden eclipse. The azure tints of the firmament 
would have been lost, and the stars would have shone at 
mid-day from a vault of utter blackness. To perfeft 
6—2 
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ilium inatioa, therefore, it is essential that something shall 
distribute the light, so as to supply objefls that are in 
shade with a certain amount of rays, by the reflexion of 
wliich they may be seen. This task is given by the 
Creator to the atmosphere. Many of the sun's rays fall 
diieiSly on the earth, but the rest are caught up by the 
air, and are then refleiSed and re-reflei5led from one 
particle to another, and are scattered and diffused in 
every direction, until all objeiSls within their influence 
are bathed in light. In this manner bodies in shade 
become visible by reflecSing into our eyes more or less 
of the light they have received at second hand. 

The service which the atmosphere renders to the 
sun, in diffbsing its light equally over objefls, is amply 
repaid by the sun in co-operating with plants to check 
the poisonous accumulation of carbonic acid in the 
atmosphere. The latter, it is true, always contains a 
small proportion of this noxious gas, but, under ordinary 
circumstances, the quantity — only about one 2000th part 
of its volume — is too small to be attended with any in- 
convenience. There are, however, many causes in 
operation continually tending to destroy this balance, 
and produce excess. In the first place, we manufafture 
the poison within ouitelves to an extent which, though 
small in the individual, is enormous in the aggregate. 
With every inspiration we draw into the lungs a certain 
amount of oxygen, which, after combining therewith a 
certain amount of carbon or charcoal, is expired in the 
shape of carbonic acid gas. Now, although a small pro- 
portion of this acid was inspired as a constituent of the 
air, the quantity evolved exceeds by sixty times the 
quantity taken in; so that the amount of carbon daily 
carried off from the lungs of a healthy adult is not less 
than from nine to twelve ounces. When we multiply 
this uiut by the population of the world, and add to it 
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the produ»5i of respiration in the lower animals, we may 
imagine the extent to which the atmosphere is vitiated 
from this cause. This noxious gas is still more enor- 
mously produced by combustion, the decomposition of 
animal and vegetable matter, and fermentation. Every 
candle and every lamp sends forth its little rill of poison 
into the air, while from fireplaces and furnaces it issues 
in streams. 

Notwithstanding these vast sources of vitiation it is 
found experimentally that under ordinary circumstances 
the amount of carbonic acid diffused through the air 
never exceeds its due quantity. It is obvious, therefore, 
that the Creator must have set some potent machinery 
in motion to regulate and purify. Rain and surface 
water lend their powerful aid, and carry off much of the 
poison, but the work is chiefly done through the agency 
of Light acting upon the leaves of plants. When it is 
said that we " vitiate " the air in breathing, the expres- 
sion refers only to its salubrity as regards ourselves and 
other animals; but we should greatly err if we supposed 
that this apparent spoiling subserved no good purpose. 
That which vitiates the air to us only prepares and per- 
fei5ts it for the use of plants; and the carbonic add which 
would be poison to us is food to them. Thus the leaves, 
while bathed in air, extrai5t from it most of the carbon 
which is to build up the wood of the tree to which they 
belong. It is to be observed, however, that they can 
perform this fundlion only so long as they are stimulated 
by Light In darkness, plants, instead of purifying the 
air, tend to vitiate it still further by a slight evolution of 
the very gas which it is their special fiimflion to remove. 
But in the day-time, the leaf seizes upon and decomposes 
the particles of carbonic acid gas that come in conta<ft 
with it; and, while it "fixes" the carbon in its substance, 
it liberates into the air the oxygen which is to purify. It 
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might be thought that, as there are no leaves in winter 
to puriiy, the atmosphere would then become poisonous, 
But by the cosmical conditions of our globe it has been 
wisely ordained that it never is winter all over the world 
at the same time. The work, therefore, is always going 
on, though the scene of the laboratory is shifted. But 
besides this, the period of a single winter, with its dis- 
persing winds and currents, would be too short to allow 
injurious accumulation to take place. Thus to vast 
causes of vitiation are opposed vast agencies that purify, 
and their mutual influences are so exacSly adjusted by 
the Creator that the balance is ever perfect between 
them. 

When looking at the sun just as he begins to set, 
it is curious to reflect that he is not really where he 
appears to be, but a^ually below the horizon. We are, 
in fai5t, looking at his image or pifture. There is a rim 
of the horizon interposed between us; he is in the posi- 
tion of the hull of a ship when, as sailors express it, the 
ship is "hull-down," Hence, were it possible that a 
cannon-ball could be projeiSled in a straight line right 
through the bright disk before us, it would not strike the 
sun, but would pass clean over it This " lifting up " of 
the image of the sun is due to " refraflion " — that pro- 
perty which has already been noticed as enabling the 
lens of the eye to bend the rays of hght, and bring them 
to a focus on the retina. 

To the "refle<5ting" power of the atmosphere, on 
the other hand, we owe that interval of half-light which 
in the morning we call the dawn, and in the evening the 
twilight Were it not for this property, we should pass 
at once from darkness to light and from light to dark- 
ness. When the sun sinks below the horizon, and when 
his direift rays have bid adieu to the dwellers on the 
plains, they stiU continue to tint the tops of the hills; 
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and when, from the further dipping of the sun, these also 
have passed into shade, the sknting rays still enter freely 
into the higher regions of the atmosphere. Most of these 
rays continue then- course into space and are lost to us 
entirely ; but others are caught up by the particles of air 
and vapour, as by mirrors of inconceivable minuteness, 
and are turned back and reflected from layer to layer 
downwards until at length they reach the earth. The 
same operation is repeated as the sun approaches from 
the east in the morning. The soft, mild light of twilight 
is especially grateful in summer to eyes that seek repose 
after the hot glare of the sun. It is linked in most 
minds with pleasant associations. This is the time for 
leisure strolls on land or gliding movements on the water. 
It brings us into acquaintance with many animals which 
select it as their favourite period of activity. Soon as 
the swallows have ceased their twit-twit, the bats issuing 
from their retreat begin to occupy the vacant hunting 
ground, in which they display an aflivity on the wing 
scarcely less astonishing. 

The length of twilight varies according to the latitude 
and the season of the year. It is shortest within the 
tropics, whose inhabitants may be said to plunge almost 
at once from l^ht into darkness; and it lengthens as we 
proceed towards the poles. In the latitude of London, 
from the Zand May to the 21st July, so much light lin- 
gers behind between sunset and sunrise that, speaking 
astronomically, there is no night at all. At the north 
pole night lasts fiijm November izth to January 29th; it 
is preceded by one long twilight continuing uninter- 
ruptedly from the autumnal equinox ; and it is followed 
by a dawn reaching to the vernal equinox. During the 
■ whole of this period of six months the sun is below the 
horizon. Those who enjoy the blessing of alternate day 
and night every 24 hours,, can hardly reahse the intense 
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thankfulness with which the dawn and the sun are wel- 
comed by men who have just passed through the depress- 
ing influences of the dreary polar night We can sym- 
pathise with Do6lor Kane in his lonely brig among the 
Greenland ice, as he records his eager watchings for the 
sun, and the calculations which, by revealing its daily 
progress towards him, permitted him to anticipate with 
certainty the day of its reappearance. We understand the 
thankfulness with which he must have watched the dawn 
growing brighter and brighter, and the joy with which at 
length he scrambled up a neighbouring height to catch a 
gUmpse of the orb still hidden at the level of the deck. 
" I saw him once more, and from a projecting crag nest- 
led in the sunshine. It was like bathing in perfumed 
water." 

When wintering in the far north. Captain Sherard 
Osbom thus describes the return of the sun after an 
absence of 66 days. On February 7th "the stentorian 
lungs of the Resolute's boatswain hailed to say the sun 
was in sight from the masthead; and in all the vessels 
the rigging was soon manned to get the first glimpse of 
the returning god of day, Slowly it rose; and loud and 
hearty cheers greeted the return of an orb which those 
without the frozen zone do not half appreciate because 
he is always with them. For a whole hour we feasted 
ourselves admiring the sphere of fire." 

Light is one of the best of nature's tonics, and, unless 
it be habitually absorbed, neither animal nor vegetable 
can permanently prosper. In man the habitual absence 
of sufficient light proclaims itself in the wan cheek and 
bloodless lip; and in plants, by the general want of green 
colouring matter. The blood that has been long shut off 
from the renovating influence of sunlight-air may circulate 
through the various oi^ns, but it lacks the power to 
impart to them a healthy vigour. In the dark night time 
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less carbon is expired from the lungs, and the purifica- 
tion of the blood, therefore, goes on less adively than 
during the day. The inhabitants of towns, where light 
is more or less excluded by lofty streets, are pale and 
feeble when compared with country cottagers, although 
their food may be both better and more abundant 
Those who pass their days in dark alleys, or in the base- 
ment dens of crowded cities, seldom enjoy perfei£t 
health; and this is due not less, perhaps, to the want 
of light than to the want of air. Where light is defeftive 
elasticity forsakes both mind and body, and the spirits of 
few are so buoyant as to be altogether insensible to the 
difference between a bright and a dull day. In the weary 
polar night there is always a struggle against the depress- 
ii^ influence of darkness. "When Kane, wintering in 
Smith's Sound, saw his crew drooping and dj-ing round 
him, he probably did not err in attributing the calamity 
less to the want of good provisions than to the want of 
light. His dogs, too, perished one after the other with 
strange, anomalous symptoms which he attributed to the 
same cause, and he looked forward with confidence to 
the return of sunlight as the charm that was to stay the 
pestilence. 

"And God said. Let there be Light" Who can 
adequately appreciate the evidences of Power, Wisdom, 
and Beneficence crowded into this glorious creation, and 
how little do they comprehend its fiill value who see 
nothing in it beyond its convenience or its beauty! Light 
is an essential condition of animated nature — the pivot 
on which life turns. All that lives upon the earth lives 
by light. Without it plants could not grow, or assimilate 
their food, or breathe, or purify the air; and, without 
plants, animals must perish. From the mineral kingdom 
alone the food-supplies of the whole world are ultimately 



A.OO'^lc 



90 Light and Darkness. 

renewed, and plants are the appointed channels through 
which those supphes must pass. The vegetable organism 
rakes them together, gathers them up, and hands them 
over to animals in a state fit for food. " If," says Pro- 
fessor Draper, "we expose some clear spring water to 
the sunshine, though it may have been clear and trans- 
parent at first, it presently begins to assume a greenish 
tint, and after a while flocks of greenish matter colleiSt 
on the sides of the vessel in which it is contained." This 
first addition to organised life is won by the power of 
Light out of the inorganic atoms round the germ; it is, 
as it were, the minute, base-material out of which the 
fabric of life is woven. " If the observation be made in 
a stream of water, the current of which runs slowly, it 
will be discovered that the green matter serves as food 
for thousands of aquatic insets which make their habi- 
tation in it." Next come fishes to snap up the inse<5ts, 
birds may seize upon the fishes, and both serve as food 
to man. In endless variety, and often through a much 
longer chain, some such general "succession of nutri. 
tion" is always going on. The whole movement was 
started by a beam of light ! 

Light is truly one of the " Powers of the Lord." It 
summons the plantal world to labour for the purification 
of the air, and it regulates the hours of work. The wages 
it gives to plants for this willing service is their daily 
food of carbon. Hardly had the green matter in the 
stream begun to form under the influence of sunlight 
than it commenced the manufaiSture of pure air for the 
use of man, gemming itself all over with bells of vital 
oxygen in token of its adlivity. Land plants are no less 
busy in the same task, although their labour is neces- 
sarily invisible. Thus by the aid of Light no plant is 
idle, or useless in nature's economy, though it may 
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flourish UDSeen. Every scattered leaf and blade of grass 
has its appointed task, and every ray of light that falls 
upon them helps on the life of the world. 



This is the Lord's doing, and il is marvellous in our 
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WATERS ABOVE THE FIRMAMENT. 



Oye -waters that be above ike Firmament, bless ye ike Lord; 
praise Him, and magnify Him/or ever. 



1HE word Firmament is obviously used here 
in the same sense in which it is employed in 
the ist Chapter of Genesis. It is that space 
which immediately invests the earth, and which interposes 
between the waters which are below and those which 
are above it, or between seas and clouds. The Scriptures 
abound with imagery- derived from this source. Clouds 
shut out the bright sun — they were therefore emblems of 
gloom and sorrow; at other times, they sheltered plant 
and cattle from his scorching rays, and they were then 
the symbols of tender care and protedlion. Of old, as 
now, poets turned towards the clouds for some of their 
grandest metaphors. The Psalmist says, "The Lord 
maketh the clouds his chariot;" and when the inspired 
writer of the Revelation exclaims, "Behold he cometh 
with clouds," the expression suggests the idea of grandeur 
and majesty. 

Clouds are among the first of the objecSs invoked in 
the Hymn, and they are twice mentioned; once by 
themselves, as the "waters above the firmament," and 
again in another verse in connexion with lightning. 
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The prominence thus given to them accords with their 
importance in countries like Judasa and Mesopotamia, 
where droughts are sometimes severely felL Clouds, 
therefore, were watched for eagerly and anxiously, as 
signs that the parched earth was about to be blessed 
with refreshing rain. Unhappy the regions where " the 
waters" never coIletS "above the firmament." There 
" the clouds drop no fatness," and the land loosens into 

In our own country, and still more in hot climates, 
clouds often interpose as a friendly shield between sun 
and earth, to check excessive evaporation from the one, 
and to ward off the too scorching rays of the other. 
Without this protection the surface of the soil would dry 
up, roots would find no moisture, plants would languish 
or wither, and cattle might perish for want of water. 

The vapour issuing from the spout of a tea-kettle 
supplies a favourite illustration of the theory of clouds, 
or they may be studied on a larger and very beautiful 
scale as they rise from the funnel of a locomotive. 
With every puff of the engine a quantity of steam is 
driven into the air. It will be noticed that this steam 
is invisible at the moment of its escape, and when it has 
as yet scarcely cleared the funnel; then it is quickly 
condensed into a white cloud; and, lastly, this cloud 
itself disappears. A moment's attention to these three 
points will unfold to us much that is interesting in 
cloud-philosophy. It is well known that, when water is 
heated to a temperature of 212* Fahrenheit, it rapidly 
passes into invisible steam. The steam produced by 
the engine boiler was, therefore, as transparent as air on 
first escaping into the funnel. But when steam is cooled 
below the temperature of ziz" Fahrenheit it is condensed 
into vapour; hence the white cloud which the invisible 
steam of the locomotive formed on coming into contaft 



94 Waters above the Firmament. 

with the colder air around iL Finally, we observed that 
as this cloud was diffused more widely through the air 
it dissolved and vanished. 

This last fii<5i proves that the atmosphere has the 
property of absorbing or dissolving moisture, which it 
retains in an Invisible state. Air, indeed, always contains 
an admixture of moisture, though the quantity is con- 
tinually varying. The warmer the air, the greater is its 
capacity to take up water in this invisible state; on the 
other hand, the colder the air, the less moisture it can 
hold. It follows that the atmosphere of the tropics is 
much more loaded with vapour than that of temperate 
regions; while this latter, in its turn, contains more 
moisture than the air of polar regions. We speak of 
"a dry air," but the expression is only relatively correal. 
There is always enough of water even in the dryest 
air to moisten saline substances that attrafl it; and 
everybody has observed the streams condensed from 
unseen vapour which soon begin to trickle down the 
sides of a bottle of iced water brought into a room. 
Few people, however, would have expefled to find that 
a cube of air measuring twenty yards each way and at a 
temperature of 68° Fahrenheit, is capable of taking up 
no less than 252 lbs. of water before it reaches the 
point of saturation. From this it may be imagined how 
enormous the quantity of water must be which is suspend- 
ed invisibly in the entire atmosphere of the world. 

It is out of this invisible steam pervading the atmo- 
sphere that visible vapours or clouds are manufaftured. 
When one current of air meets another current colder 
than itself, they intermingle; and, if the resulting mixture 
be not of a temperature sufficiently high to retain in a 
state of invisibility the moisture diffused through it, the 
excess is necessarily condensed into cloud. The cloud 
itself is composed of particles or drops of water so ex- 



Waters above the Firmament. 95 

tremely minute that they float in air. But if the con- 
densation be pushed farther, the minute drops coalesce 
into larger drops, and rain falls to the earth. On the 
other hand, if warm or dry currents of air happen to set 
in through the cloud, it will be again more or less com- 
pletely dissolved, as was observed in the case of the 
vapour puffed out of the engine-funnel. Hence the 
continual changes going on in clouds — their thinning, 
thickening, enlargement, diminution, and the other altera- 
tions of form. 

The atmosphere owes its moisture to the evaporation 
"going on at all temperatures both from land and water, 
and more especially from the great equatorial oceans of 
the globe. In temperate climates, like that of Europe, 
with a mean temperature of 52^°, the annual evaporation 
is equal to a layer of water 37 inches thick ; but within 
the tropics it is much greater, varying from 80 to 100 
inches. The great stimulator of evaporation is the sun, 
and clouds check evaporation by intercepting liis rays. 
A calm is less favourable to it than a breeze; in the 
former, the air resting on the water soon gets saturated, 
and ceases to absorb ; but a breeze sweeping over the 
sea is continually presenting to it new and thirsty por- 
tions of air, so that the process goes on with great 
aflivity. The water thus sucked up is carried off into 
the atmosphere as invisible vapour or steam, which is 
ultimately condensed into clouds. These, therefore, may 
be considered as huge aerial tanks or reservoirs filled 
with water handed up by the ever busy air for the service 
of the earth. When clouds are not condensed in one 
place, the loaded air passes on with its burden to an- 
other; but sooner or later it is relieved, either by the 
vanishing of the vapour through re-absorption, or by the 
formation of rain. 

Besides supplying all the rain and filling all the rivers 
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of the earth, the invisible moisture of the air is essential 
to the well-being both of animals and plants. Were the 
thirsty air not abundantly fed with water from sea and 
land, it would in its eager search for drink suck out the 
moisture from every living thing, and in spite of all pre- 
cautions we should soon pass into the condition of dried- 
up mummies. Our safety lies in the free admixture of 
water with the air, by which its keenness is tempered. It 
is astonishing to mark what care nature has taken to pro- 
tei5t the juices of plants and animals from this desiccating 
a<5lion, by investing them with coverings which are more 
or less impermeable. 

In respiration the lungs cannot support an air which 
is too dry. When the supply of invisible vapour in a 
room is deficient, unpleasant sensations arise which are 
relieved by softening the air with steam from hot water. 
While wintering beyond Smith's Sound, Doiflor Kane 
observed that his crew suffered from the excessive dry- 
ness of the air which, in breathing, was sensibly pungent 
and acrid. Nor is the invisible atmospheric vapour less 
necessary to the vegetable kingdom. Plants have the 
power of absorbing moisture not only by the roots but 
also through their leaves ; and, in a fairly humid air, the 
evaporation going on from their surface is thus more or 
less checked or compensated. But in a too dry air this 
balance is upset, and the leaves droop or wither. The 
few plants that grow in the sandy desert are mainly de- 
pendent on the invisible moisture of the atmosphere for 
their supply of water, and the same may be said of those 
plants which live and grow when suspended in the dr of 
a hot-house. 

From the remarks just made it will be readily under- 
stood that clouds or wind coming from the north do not 
usually portend rain. The air, in passing southwards, 
has its temperature gradually elevated; and, consequently. 
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its power to hold vapour in an invisible state is being 
constantly augmented. Hence, not only is there no 
nun, but the clouds themselves are often seized up6n by 
the dry air and dissolved. The soft south wind, on the 
contrary, comes loaded with the vapour which it sucked 
up when its temperature was comparatively high, and its 
capacity for carrying invisible moisture great In travel- 
ling northwards it gradually cools, and the excess of 
moisture which it can no longer hold is condensed into 
clouds and rain. 

Clouds are habitually less admired than they deserve 
to be. On fitting occasions cloud-gazing is no unworthy 
distradlion wherewith to occupy a few of the fragments 
of time; and it belongs to those enjoyments which are 
all the more valuable because they so often lie within 
our reach. There is solid pleasure in letting our eyes 
lead fancy away among the mazes of cloud-land. What 
endless variety of form ! The cirrhoid groups — how 
light, feathery, placid, gentle, and cheery! The bulky 
cumulus — stately, sombre, threatening! What is there 
grand in nature or in imagination which is not to be 
found in cloud-land? There are mountains and rocks, 
peaks and precipices, of which the aiguilles and domes 
of the Alps are but pigmy models, castles and cities, 
torrents and waterfalls 1 Imagination itself lags behind 
in its conceptions. Beautiful shapes float before our 
eyes for which we strive in vain to find a name. Un- 
der our gaze they melt, and change, and recombine, 
with the limitless fancy of nature. What colours! — the 
softest, the sternest, the richest, the brightest— hues 
of lead, copper, silver, and gold — all on a scale which 
mocks the rest of nature's painting. What masses and 
magnitudes! — mounds of vapour, built up out of specky 
fragments, and rolled up the vault of the firmament by 
the power of the sun. In repose clouds are the emblem 
7 
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of majesty, but, driven before the gale, they are the sym- 
bol of force that is irresistiWe. " His strength is in the 
clouds !" When we see the vapoury masses glowing in 
the rays of the setting sun, we feel that the Psalmist, in 
calling them the "chariot of the Lord," chose for his 
metaphor the most gorgeous objeft to be found within 
the limits of the universe. 



Thy mercy, O Lord, reacheth onto the Heavens, and Thy 
faithflihiess unto the Clouds. Fs. xxxvi. 
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ZIGHTNING AND CLOUDS. 



ye Lightnings and Clouds, bless ye the Lord: fraise 
Him, and magnify Him for ever. 

IJIKE other natural forces, lightning might with 
I propriety have taken its place among the 

"Powers of the Lord;" but, from its having 

been, in conjun<ftion with clouds, specially invoked by 
The Three Children in a separate verse, we are reminded 
of the great part it plays in warm climates, and of the 
beneficent office it performs. Lightning or EIe6lricity 
exercises much influence in meteorological phenomena — 
in the condensation of clouds and rain, the produiSion 
of currents and storms, and the aurora borealis — as well 
as in regard to the general sanitary condition of the 
atmosphere. Many of us know by experience how 
much our health and comfort are affe<Sled, even in this 
country, by the eleftrical state of the atmosphere; but 
we can form only a feint idea of the intensity of the 
inconvenience arising from it in hot climates. Hence, 
the thunder-storm, notwithstanding the danger occasion- 
ally attending it, is there welcomed as a blessing sent 
to clear and purify the air, and restore it to its wonted 
salubrity. 

Eleftricity, though it probably does not exist as a 
separate substance, but only as the expression of a pecu- 
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liar mode of motion, is yet hypothetically and with 
convenience spoken of as a fluid. Its great reservoir is 
the earth, whose surface may be considered as a vast 
eleiSrical apparatus on which the fluid is being constantly 
developed. When we desire by artificial means to exhibit 
the presence of eletftricity, we usually rub glass or seal- 
ing-wax with a silfc handkerchief, or we cause a plate 
of glass to revolve rapidly and rub itself against a piece 
of silk, as in the common eleiStrical machine. So, like- 
wise, in the grand machine of nature, the air is con- 
stantly generating eletftridty as it sweeps or rubs over 
the earth's surface. A laige proportion of atmospheric 
ele'5lricity.is likewise derived from the evaporation of 
water, which is constantly going on both from land and 
ocean; and in addition to this may be mentioned 
the eleftricity generated during the infinite variety of 
chymical a<5lions everywhere at work over the globe. 
Now the fluid passing into the air from all these sources 
may accumulate unduly; and, the balance between the 
atmosphere and the earth being thus upset, nature steps 
in and takes means to restore the equilibrium. With 
this intent, copious rains streaming from the air some- 
times draw off the excess to the great reservoir; but 
when the case is beyond this mode of relief, the firma- 
ment becomes loaded with thunder-clouds, from which 
dart the sparks that flash towards the earth. Or the 
disturbed elecSrical condition may exist only among 
neighbouring clouds, and the balance is then restored 
by the vivid passage of sheet-lightning from one to the 
other. 

There are some substances — such as metals and 
water — that are called "good conduftors," because 
eledricity passes easily through them; and there are 
other substances — such as glass or dry air — that are 
called "bad conduftors," because eleftricity passes 
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through them with difficulty. In moving along the 
fonner, the fluid seems gentle and manageable; but in 
forcing a passage through the latter, it sometimes tears 
and destroys. Thus the wire which conducts into the 
earth the eleflricity from a machine may be held safely 
in the hand. The fluid will pursue its easy course 
through the wire to the ground, and will not turn aside 
to enter the hand and give a shock to the body by 
forcing its way through so bad a conduflor. On this 
simple principle depends the utility of the lightning- 
rod. In its flight towards the earth the lightning avoids 
a bad conduflor, and seletfls a good one if it is to be 
had; hence it will spare the house or the tower so long 
as there is a sufiicient iron rod attached through which 
it may descend to the earth. In this way the eleflric dis- 
charge, which would have shattered the "bad conducing" 
tower, glides easily and safely past it into the ground. 
Formerly people dreaded to enter a smith's forge during 
a thunder-storm; but now, being better informed, they 
wisely direct their steps towards it, well knowing that 
they cannot be in a safer position than when surrounded 
by masses of iron, — that is, with good condutSlors in con- 
tain with the ground. 

As comparatively few places can be artificially pro- 
te<aed by lightning-rods, Providence has made various 
natural arrangements to diminish the danger by which 
we should otherwise be surrounded during every thunder- 
storm. Thus it so happens that water, whether in the 
form of liquid or vapour, promotes the condu<5ting 
qualities of bodies. How fitly, therefore, in this Hymn 
has lightning been associated with clouds! Out of the 
clouds comes the danger, — out of the clouds, too, comes 
the water which helps to avert it from us. Dry air is 
a bad conductor, and favours undue eleiSrical accumu- 
lations; but moist air is a good condutSor, and drains 
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the fluid harmlessly from the atmosphere. Each drop 
of rain, as it falls, becomes freighted with some of the 
superabundant eleflricity, and carries it off in safety 
to the earth. The falling torrent, moreover, soaks house 
and tower, tree and shrub, coats and other vestments, 
and thus adds to the facility with which they conduct 
the fluid harmlessly from the air. If caught, therefore, 
in a thunder-storm and drenched to the skin, let us 
console ourselves with the thought that we are thus 
much safer than we were when our clothes were dry. 

These means of safety apply chiefly to the thunder- 
storm itself— to the time when, an undue accumulation 
having occurred, the balance must be redressed even 
at the cost of danger. But Providence has not for- 
gotten to take precautions by which undue accumulation, 
though not absolutely prevented, is at least rendered 
infinitely more rare than it otherwise would be had no 
such arrangement existed. The world is, in point of 
fadl, studded all over with safeguards against disturbance 
in the eleftric equilibrium between the atmosphere and 
the earth, "God has made a harmless condu<5lor in 
every pointed leaf, every twig, every blade of grass. It 
is said that a common blade of grass, pointed with 
nature's workmanship, is three times as effectual as the 
finest cambric needle, and a single twig is more efficient 
than the metallic points of the best construdled rod. 
What then must be the agency of a forest in disarming 
the forces of the storms of their terrors? — while the 
same Almighty hand has made rain-drops and snow- 
flakes to be conduiSors, bridges for the lightning in 
the clouds, alike, it seems, proclaiming the mercy and 
the majesty of the Almighty hand." 

The Three Children knew well the gladness with 
which, towards the end of September, the lightning was 
welcomed in their beloved Judsea. "He maketh light- 
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ning for rain." It indicated that the fierceness of the 
scorching sun was past, and that the "early rains" being 
about to fell would soon refresh the earth and prepare it 
for the seed. The pra<flically small danger attending the 
flash was forgotten in the blessing of which it was the 
harbinger. Yet it must be confessed that, notwithstand- 
ing the sense of its utility, feelings allied to dread attend 
the explosions of the lightning-cloud; and nothing else 
in nature brings so home to our minds the conviiftion 
that we Uve in the midst of peril. After every precaution 
for safety has been taken, what can preserve us from the 
fatal ilash but the ever vigilant hand of God? Lightning 
seems to be the very type of those messengers of "sud- 
den death" from which we pray the Good Lord to 
deliver us. The close air that precedes the storm stifles 
and depresses. Dumb creatures stand anxiously about, 
utter their cries of fear, and seem to recognise instinfl- 
ively that the forces of nature are in conflidl. The 
clouds advance, roll up together, and thicken into lurid 
masses. The sun is walled out from the earth, and 
something less dark but more oppressive than the night 
lies heavily upon us. The dart we see cleaving through 
the blackness is winged with destrudlion; its course is 
wild and uncertain, its stroke is sudden, the death it 
deals is instantaneous. The sounding of the thunder 
is awful. From its lowest mutterings, scarcely breaking 
on the ear from afar, up to its loudest crash it is ever 
portentous, and no human heart can listen to it with- 
out emotion. The voice speaks to all, and brings a 
double message: — it tells us that death is in the air; 
but it also recalls the thought that our lives are in 
God's keeping, without whose will the lightning cannot 
hurt us. 

Nevertheless, though I am sometimes afraid, yet put I mj 
trust in Thee. Ps. Ivi. 
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ye Showers, and Dew, bless ye the Lord: praise 
Him, and magnify Him for ever. 

1HE prominence given in this hymn to water in 
ail its forms is easily understood when we re- 
colle<5l that the Three Hebrews were chiefly 
familiar with "seasonal" countries. Such distrifls are 
strikingly and visibly dependent on the timely supply of 
Dew, Rain, Wells, and River water, to preserve them 
from the effeiSs of the excessive droughts which usually 
set in at certain periods of the year. We read in Scrip- 
ture of the "early" and the "latter" rain. The early or, 
as it was sometimes called, the "former" rain began to 
be abundant in 0<5tober, and continued to fall more or 
less until Christmas. It then either ceased altogether, 
or became very moderate until spring, when it once 
more poured down copiously as the "latter" rain. The 
husbandman profited by the first of these periods to sow 
the seed which was to germinate and stand the winter; 
while the lime that followed the "latter" rain was equally. 
favourable to rapid growth and ripening of the harvest. 
If few showers fell at those seasons, the hopes of the 
husbandman were sure to be disappointed; for in Judfea, 
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then as now, little or no rain was to be expetted during 
the summer. 

Few natural objefts are more frequently used as 
symbols in Scripture than rain and dew, and they invari- 
ably represent what is good and beneficent The most 
blessed of all events— the coining of the Saviour — is thus 
foreshadowed by the Psalmist, — "He shall come down ' 
like rain upon the mown grass; as showers that water 
the earth." On various occasions rain symbolises the 
Creator's benignity towards man ; while the force of the 
expression in Deuteronomy, chap. 32, "mydodlrine shall 
drop as the rain," hinges upon its enriching and life- 
giving virtue. 

Besides bestowing fertility on the soil, rain cleanses 
and purifies both the land and the atmosphere. From 
the latter, as we have seen, it often safely condufts the 
unduly accumulating eleflricity, and renders the thunder- 
stonn unnecessary. Rain also relieves the air of some of 
its superfluous carbonic acid, which it carries down to the 
rootlets of the plants; and it takes up a certain quantity 
of lime, which is transported along rill and river into the 
sea to furnish myriads of creatures with materials for 
building their shells. Rain sweeps down into the plains 
the weather-worn particles of rock to form new soil; and, 
while washing the surface of mountain and valley, street 
and house, it increases the general salubrity by floating 
off the minute rubbish of the world. 

When we consider the enormous volume of water 
which every year is rolled down into the sea by the 
rivers and rivulets of the earth, it is not to be wondered 
at that the annual r^nfall which feeds them should be 
computed to have a bulk equal to 186,340 cubic imperial 
miles. If spread equally over the land of the globe — 50 
million square miles — the rain wbuld cover it with water 
to a depth of three feet All this huge deluge- of water 
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comes originally from the ocean, whence it is lifted into 
the atmosphere by evaporation; and as the southern 
hemisphere has a water-surface of 75 millions of miles, 
while that of the northern is only 25 millions, it follows 
that the greatest quantity is sucked up on the south side 
of the Equator. But as it is chiefly for the sake of the 
land that rain may be said to fall, and as the land so 
greatly predominates in the northern hemisphere, it might 
at first sight appear that nature had for once committed 
a blunder in thus making the greatest provision for rain in 
that hemisphere where, from the comparative scarcity of 
land, the smallest supply is needed. But, on looking 
more closely, we shall see that everything is harmonised 
through one of those marvellous adjustments by which 
the whole economy of the universe is chara<5lerised. 

A supply of water greater than what is locally required 
being thus drawn up into the atmosphere lying over the 
southern ocean, the problem is how to convey it into the 
northern hemisphere, where the chief masses of land lie, 
and where more rain is needed than can be obtained by 
evaporation? The machinery used in this gigantic task 
is found in the great atmospheric currents, which, though 
subjeiSl to occasional disturbance, do yet in the main aft 
widi perfe6t regularity. The chief evaporation from the 
southern ocean takes place when the sun is to the south 
of the Equator, and therefore when winter reigns in the 
northern hemisphere. At this season, the cold in high 
northern latitudes is most intense, and the heavy air has 
naturally its greatest tendency to pass towards the Equator, 
The air thus displaced over the southern ocean rises, 
charged with heat and moisture, into the upper regions 
of the atmosphere, and there forms a current whose 
general direiftion is northwards, or contrary to the polar 
current beneath it. By this circulation of currents not 
only is the equilibrium of the air itself maintained, but a 
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most necessary distribution of water and heat is likewise 
effected. One part of the globe which has a super-abund- 
ance is made to give to another part the supplies that 
are naturally wanted. Thus we can fancy the atmosphere 
to be a mighty ship indefatigably carrying on this benefi- 
cent commerce of nature. Setting out from the bleak 
north, she sweeps over the earth to the r^ons of the 
south, refreshing them with cool, dry air; and then, 
having laid in her cargo of heat and moisture, she starts 
without delay upon her return voyage, dispensing as she 
goes the blessings of warmth and rain. 

The cause of this regular precipitation may be 
readily understood by what has been said in regard 
to Clouds. The tropical air, as it travels north, be- 
comes colder and colder, and therefore its capacity to 
hold moisture becomes less and less. Hence it is 
forced at every stage to let go, in the shape of clouds 
and rain, the excess of moisture which it can no longer 
hold in suspension; and as every drop of rain, on being 
condensed from invisible vapour, gives out as much latent 
heat as would raise by one degree Fahrenheit the tem- 
perature of 1030 drops of water, a powerfiil influence 
in moderating the rigour of northern climates is exerted. 
The last remnants of moisture are squeezed from the 
air by the hard grip of the polar regions, where, as snow 
or ice, they add to the desolation of those high latitudes. 
In considering the great ari5lic glaciers, it is curious 
to think, that much of the water there piled up in ice 
has been sucked up amid the warmth and sunshine of 
the distant southern ocean. The quantity of water thus 
carried and of heat thus diffused by the atmosphere 
almost exceeds belief, and ranks the operation among 
the greatest of those physical contrivances by which 
the welfare of the worid is maintained. Wonderful 
aerial Power — ^workir^ day and night, noiselessly, in- 
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visibly — "dropping fatness" all over the earth, and with 
unerring instinifl measuring to it year by year the exa6t 
amount of moisture that is needed. 

In tropical countries, where a hot temperature pre- 
vails, a pr<q)ortionately large allowance of rain is necessary 
for vegetation. Yet, notwithstanding the liberal supplies 
sent off towards north and south, enough is still pro- 
vided through the great capacity possessed by warm 
air for holding invisible vapour in suspension; and, when 
rain does occur, the quantity of water condensed is 
larger and the downpour heavier than in climates lying 
beyond. From this cause the annual rainfall also is 
usually much greater. By way of comparison it may 
be stated, that while the average rainfall of Great Britain 
is nearly 28 inches, that under the Equator, according 
to Humboldt, is 96 inches. In some parts of South 
America and elsewhere this amount is greatly exceeded. 
At Maranhao, in Brazil, the rainfall has been estimated 
at aSoJ inches. At Cherraponjie, in India, the enormous 
quantity of 605J inches have been known to fall during 
the south-west monsoon, which gives to this place the 
distinflion of having one of the wettest climates in the 
world. Within the tropics the year is divided into the 
dry and the rainy seasons. The dry corresponds to 
the winter of higher latitudes, during which plants take 
their annual rest. In the rainy season showers and 
sunshine alternate, and vegetable life is stimulated into 
its most luxuriant growth. The vegetation of warm 
countries, being habituated to abundant moisture, feels 
with corresponding severity any material diminution in 
the supply. Thus, at Bombay, the annual average rain- 
fall maybe taken at 80 inches; but in 1824 not more 
than 34 inches fell — an amount little different from our 
own yearly supply — and the consequences were direful 
famine and pestilence. 
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He whose lot has been cast in a temperate climate, 
where showers and sunshine chase each other through- 
out the year, can hardly realise the eagerness with which 
the return of the i^n is longed for in seasonal regions. 
Listen to "old Indians" describing the anxiety with 
which they have watched for the approach of the mon- 
soon, and the ecstasy with which they have hailed its 
arrival Some friends may be gathered together — 
languid, drooping, and spiritless. The drought of the 
preceding months has almost desiccated them. Every 
exertion has become a trouble, and even thinking is a 
(atigue; all around pants and fades. Suddenly — not 
the sound, but — the smell of the coming flood is sniffed 
in the ail. Eyes now brighten, muscles begin to be 
braced, the brain resumes its energy, and in a few 
minutes afterwards — splash and patter — the rain is once 
more dashing to the ground. Tanks, buckets, jugs — 
anything that will hold it — are spread out to be filled 
with the predotis dement. Not many hours elapse 
before the parched earth responds, as if by magic, to 
the blessing, and with renewed vigour clothes itself in 
freshest tints of green. 

Some districts in Australia are liable to suffer ex- 
tremely from drought, when the river courses dry up 
and herds are in danger of perishing. In many places 
ttiia climatic evil is providentially mitigated by means 
(rf the deep hollows or wells which occur so frequently 
in the course of the streams. Thus the general bed 
may be dry, but these natural tanks still continue to 
bold a supply of water; and, as if still more plainly to 
indicate their beneficent design, the surface of the 
reservoir itself often becomes coTered wilii a thick 
coating of vegetation, which, by interposing a screen 
between the water and the sun, tends to prevent loss 
by evaporation. 
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Rain is SO linked with fertility as proverbially to 
be associated with it, and where none falls there the 
desert must be. The exceptions to this rule are rare, 
and even these are seeming rather than real. Thus 
Egypt may be described as a rainless country; but the 
inundation of the Nile stands in the place of rain, and, 
in covering the land with its rich waters, it deposits a soil 
of surpassing fertility. Egypt could no more be fertile 
without water than other countries, and of this the proof 
lies close at hand, for immediately beyond the line of 
inundation the desert begins. The rains which enrich 
E^ypt aiSiually fall in Abyssinia, whence they are con- 
veyed by the Nile as if by a channel of irrigation. The 
great deserts of the world are emphatically the rainless 
distriifts, and they stretch in an almost continuous belt 
across the centre of the old world. Beginning to the 
south of Morocco, not far from the Atlantic, they 
traverse wide regions lying beyond Algiers and Tunis; 
they next cross Egypt into Arabia; and thence, passing 
onwards through Asia by the great deserts of Tartary, 
Thibet, and Mongolia, they cease not until they have 
almost touched the shores of the Pacific. The moisture 
originally existing in the winds wbich blew from the sea 
towards these deserts has either been expended before 
the winds reached them; or, if a portion of the moisture 
still remiun in the atmosphere, it is from local heat and 
dryness carried across their surface without precipitation. 
Let us take the desert lying to the north of the Hima- 
layas as an illustration. During the winter half of the 
year the prevailing wind blows from the north-east. Being 
cold, it has little "capacity" for moisture; in other words, 
it is a dry wind ; and as it travels south and gets warmer, 
its tendency is rather to absorb moisture from the sand 
than to let it falL During the summer half of the year, 
on the other hand, the prevailing wind is from the south-. 
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west Loaded with vapour gathered from the Indian 
Ocean, it sweeps over Hindostan, dropping rain abund- 
antly in its course; and then, in crossing over the snowy- 
ridges of the Himalayas, most of the remaining water 
is condensed out of it ;^the monsoon sponge has been 
squeezed nearly dry. In this state the current descends 
upon the plains of the desert; where the sand, heated 
as in an oven by the summer's sun, is in no condition 
to draw do*n the scanty remnants of moisture still 
existing in it, and so they pass onward to the north. 
Thus no "fatness" drops upon those sands, which are 
surely doomed to barrenness so long as the present 
cosmical arrangements continue. 

How many there are who thoughtlessly cry out 
■ against the climate of this favoured land, and forget to 
weigh its many advantages against its few drawbacks. 
In regard to heat and moisture, it may be said with 
truth, that it is equally removed from both extremes. 
We neither bake in the sun nearly all the year round, 
hke the children of the desert; nor are we drenched 
in ever-falling rain, like the Indians of western Pata- 
gonia; nor are we dried up for one half of the year, and 
soaked in rain during the other, like the people of many 
tropical countries. With us, on the whole, rain and 
sunshine are well balanced; while the frequent changes 
enhance our perception of the beauty and the services 
of both. To our frequent, but seldom persistent, rains 
we owe it that nowhere is verdure finer, and that in few 
places is it less exposed to the destruiftive influences of 
extreme drought Even in gloomy winter, when rain 
sometimes falls more abundantly than is consistent with 
comfort, there is consolation in the thought that the 
rain which descends at that season of the year, escaping 
the devouring rays of the sun, will the more certainly 
sink into the soil and fill the reservoirs of the earth. 
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Thence, in the coming days of the hot summer, it trill 
issue bright and sparkling to feed the springs and 
rivulets that glisten over the land and delight us with 
their freshness. 

Dew may be considered as a kind of supplemental 
lain, depending on the same cause, namely, a condensa- 
tion of moisture from the atmosphere. There is, how- 
ever, this difference between them, that, while rain is 
formed at a greater or less height in the air, dew is 
formed on the surface of the ground. 

We need scarcely remind the reader that air — even 
the dryest — always contains invisible vapour. During 
the day, the earth and the air correspond sufficiently in 
temperature to prevent precipitation. But as the sun 
begins to set, the earth, losing its heat by radiation, 
suddenly cools, and condenses out of the air in ccHita€t 
with it a portion oi its invisible vapour: Whatever 
favours the rapid cooling of the earth's surface pro- 
motes the formation of dew. In cloudy weather heat is 
radiated as usual from the earth after sunset, but it is 
intercepted by the clouds, and radiated back towards 
the earth. The temperature of the latter, therefore, does 
not fall so much, and little dew is fotmed. But in clear 
weather the earth rapidly radiates its heat into space, 
and there are no clouds interposed to radiate it back. 
Hence the earth cools quickly and much dew falls. 
When gardeners cover up their plants on bright even- 
ings they aifl in accordance with scientific principles. 
The matting prevents radiation from the soil"; ot, 
rather, the matting takes the place of clouds, and gives 
back to the earth much of the heat it receives. In this 
manner the atmosphere round the jdants retains an 
equable temperature. 

Dew is twice specially introduced into the Bene^cite, 
from which we may infer the importance attached to it 
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in the countries with which the Three Children were 
familiar. In most parts of western Asia little rain falls 
from April to September, and during this long period of 
drought the earth is dependent upon dew for the scanty 
supply of moisture it receives. And how clearly indica- 
tive of providential design it is that dew should be most 
abundant precisely at that season of the year when the 
supply of moisture from other sources is most apt to 
&il. Scripture abounds in allusions to dew which, like 
rain, is always associated with what is good and bene- 
ficent. The "dews of Hermon" blessed the land where 
they fell, and the prosperity they brought passed into 
a proverb. When a patriarch wished to bestow his bless- 
ing, he prayed that "God might give of the dews of 
heaven;" on the other hand, there could be no more 
withering curse than what was implied in their with- 
drawal. "Ye mountains of Gilboa, let there be no dew, 
neither let there be rain upon you." 

From what has been said it will be perceived that, 
though we commonly speak of dew "drops," dew does 
not really "drop" from the sky, but forms upon the 
surfaces where it is found. Yet which of us would 
consent to surrender an expression that has been en- 
deared to us by familiar associations since childhood? 
Dew "drops" create for us the most perfefl diamond- 
gardens in the world. Well may they challenge com- 
parison with their costly rivals. What diamonds could 
be brighter, or more sparkling, or play more fancifully 
with the rainbow colours of light? How incomparably 
finer, too, the setting! The rare jewel is mostly to be 
seen in the worn atmosphere of crowded rooms, and, 
like an artifidal beauty, requires the skilful hand for its 
display. Its brightness pales before the light of day, 
and needs the garish lamp to stimulate its sparkling. 
But the diamonds of the garden or the meadow are 
8 
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perfeiS from nature's haDd. They are set with bound- 
less profusion on a ground of choicest green, and no 
art can heighten their new-bom loveliness. They are 
to be seen best in the fresh air of the mom, and the 
light that suits them best is the pure hght of heaven. 

IS rain upon tbine inheritance, and 
was weaiy. Ps. Ixviu. 
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O ye 



Wells, bless ye the Lord: praise Him, and 
magnify Him for ever. 



K HM N a song of praise offered by the children of the 
Bfiffl East to the Giver of blessings, it was to be 
■Bffil expe<fled that the " springing wells" of the earth 
would not be forgotten. In many distriiSs of south- 
western Asia showers are scarcely seen from April to 
September. The " latter rains" which fell in spring have 
nm off, or been absorbed, or evaporated; and the land, 
thirsty and parched, receives only its precarious supply 
of dew. The smaller streams and rivulets have dwindled 
into dryness also, and the people must then depend 
on their wells for all the purposes of the household. He 
whose lot is cast amid the civilization of the West can 
scarcely realise the feeling of thankfulness with which wells 
are regarded by the Oriental. In the wide desert they 
indicate the halting points by which travellers direft 
their route. Distri<5ls are named from their wells. Their 
seemingly fortuitous appearance amid the sands is often 
a mystery, but nothing can be more obvious than that 
they are providentially placed there for the purpose of 
making those wastes passable. The overflow of the well, 
8—2 
1),,,.,, ,,C'.oo'^lc 



ii6 Wells. 

as it sinks Into the sand around, illustrates in a remark- 
able manner the fertilising power of water, and the debris 
of successive vegetations at length creates an oasis of the 
richest soil — an island of verdant beauty in the midst of 
a sea of sand. The surface is softly carpeted with grass, 
while date-trees and other kinds of palms beckon the 
traveller towards it from afar, and shelter him from the 
sun. What can be more natural than that the pious Arab 
should approach those wells with thankful emotions, or 
that while quenching his thirst he should seldom omit a 
prayer both for him who originally dug the well, and for 
the owner who generously permits it to be used? To 
poison a well is an atft which in the East is considered 
to be justified only by the extremity of warfare, while its 
complete destrudion is thought to be little less than 
sacrilege. The well is universally held to be a special 
gift of God intended for all his thirsty creatures. 

The wells that form in the coral islands of the Pacific 
seem even more strikingly providential than those of the 
desert Scarcely has the bare rock risen above the waves 
before it begins to possess its well of water. The salt 
ocean is without, and the salt ocean fills the lagoon 
usually included within, yet, on the mere rim of coral rock 
that lies between, fresh water is to be obtained when a 
hole is bored. So generally is this understood by sailors 
that they are in the habit of touching at those solitary 
Spots to fill their tanks. Thus, in the formation of what 
is soon to be another island added to the fertile area of 
the world, wells of fresh water are the first provision 
made for its future inhabitants. Whence comes this 
water? The common opinion is, that it freshens itself in 
filtering through from the ocean; but Darwin, after much 
attention to the subjcfl, considers it to be the mere 
surface drainage of the island. 

Holy Scripture abounds in allusions to wells, and 



nothing better illustrates the importance attached to them 
from the earliest times than the narrative recorded in the 
26th chapter of Genesis. Isaac, forced by famine to 
leave his country, dwelt in Gerar, and there "waxed 
great: for he had possession of flocks, and possession of 
herds, and great store of servants: and the Philistines 
envied him." Then Abimelech the king said unto Isaac, 
". Go from us; for thou art much mightier than we. And 
Isaac departed thence, and pitched his tent in the valley 
of Gerar, and dwelt there. And Isaac di^ed again the 
wells of water, which they had digged in the days of 
Abraham his father; for the Philistines had stopped them 
after the death of Abraham : and he called their names 
after the names by which his father had called them. 
And Isaac's servants digged in the valley, and found 
there a well of springing water. And the herdmen of 
Gerar did strive with Isaac's herdmen, saying, The water 
is ours : and he called the name of the well Esek; because 
they strove with him. And they digged another well, 
and strove for that also: and he called the name of it 
Sitnah," for it was associated with hatred. "And he 
removed from thence and digged another well ; and for 
that they strove not." It was a contest between those 
who dug the well and the herdsmen who possessed the 
territorial right to the water. The possession of a well 
was the necessary complement to the other means of 
living, and so long as one could not be obtained the 
tribe was obliged to move onwards. 

Of the water that drops from the clouds much is at 
once returned into the air by evaporation, while much 
also passes ofif as surface drainage, battling its way into 
the nearest brook. There still remains a third portion 
which sinks into the porous earth, and then commences 
by subterraneous routes its return homewards to the sea. 
Imagination tries to folloV the course of those mysterious 
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wanderings, and track the converging tricklings that fall 
among distant hills down to the gushing spdi^ in the 
plain far below. Through what curious scenery the 
future river may have been creeping — among what rocks 
and caverns and windings in the .secret paths of the earth 
— now gliding gently over rocky plateaus, now lingering 
among sands, or sinking in miniature cataracts through 
the narrow rents of the strata I And thus the rill journies 
on until, wearied with subterranean gloom, it breaks forth 
into the light of day as the crystal well or gurgling spring. 
In no fairer shape does Nature spread out her water- 
treasures before us. How refreshing the draught thus 
obtained at first hand! How cool in summer, how 
temperate in winter, for it comes from those deep regions 
of the earth which are equally shielded from sun and 
frost What a difference between the dull water of the 
"main", and the sparkhng crystal of " the source"! Such 
a shrine is well worthy of a pilgrimage, and crowns with 
refreshing pleasure the summer day's ramble. Didever 
man exist who did not delight to play with the clear 
water, or who could pass before a gushing spring without 
lingering for a moment to listen and to look! 

When our towns are to be supplied with water, we do 
not rest satisfied with converging upon them the contents 
of numerous nils by means of an ample conduit In the 
hot summer days these sources might dry up, and the 
people might thus be left in want This danger is 
prevented by storing up water abundantly during the 
rainy season in a reservoir, from which supplies may be 
drawn for the town in times of drought. In this manner 
a liberal allowance of water is securely maintained in- 
dependently of the vicissitudes of weather. Now in this 
arrangement we are only following the lesson taught us 
by Nature. The town which Nature has to supply is 
the whole earth, and her chief agent is the rainfall But 



Wells. 1 19 

rain, though wonderfully regular on the whole, is some- 
times capricious in single seasons, and oftener still in the 
different periods of a season. Something supplementary 
was, therefore, needed to husband and equalise the 
supply, and to provide for its regularity independently of 
the varying rainfalL So reservoirs of water were formed 
in the earth, which, taken on the whole, are subjeft to 
very little change. The superficial layers of the crust 
of the earth are in fadt one vast storehouse of water, 
for moisture pervades them through and through. We 
habitually speak of "the dry rock," but even the dryest 
rock contains water lodged in it, as in a sponge, which 
nothing less potent than the furnace can squeeze out. 
"Some granites," says Professor Ansted, "in their or- 
dinary state contain a pint and a half in every cubic 
foot " Limestone and marble find room for considerably 
more. Chalk is also highly absorbent, many of its strata 
being able to take up half their bulk of water without 
even appearing to be moisL But the great tanks of the 
earth are formed more especially by the layers of sand, 
which everywhere alternate with the harder rocks. Into 
these water is constantly soaking and accumulating for 
the supply of wells and springs all over the world. While 
rainy seasons fill these reservoirs, the dryest season does 
not exhaust them; and hence the springs in connection 
with them often appear, like the conduits of a well-supplied 
town, to be independent both of rain and drought. 

Though limestone rocks absorb less than sandstone, 
they carry the water better; for they are more fissured, 
and their substance is more easily rubbed away or 
dissolved by the passing current By this means, chiefly, 
have the famous caverns in the limestone rocks of Adels- 
beig, Derbyshire, and elsewhere been formed. Hence 
the subterranean rivers found in Styria and in various 
other parts of the world. No one who has visited the 
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caves at Adelsberg can have forgotten how the Poik, 
there larger and swifter than the Mole where it joins the 
Thames, plunges amid the gloom into the tunnelled 
mountain and is lost Its course no one knows, but bits 
of wood and other pilot substances borne along in its 
mysterious current proclaim its identity with the Unz, 
which emerges as a full-formed river at Planina, ten miles 
beyond, on the other side of the mountain. At Cong in 
Ireland, famous for its Cross, there is another remarkable 
example of the same kind, where the river joining Loch 
Corrib and Loch Mask rushes through a subterranean 
channel in the hmestone rocks. To this tendency in the 
limestone strata to fissure and separate into ledges which 
form underground passages we owe what are termed 
"swallows" in streams. Of these we have an example 
near London in the Mole, which partially "hides her 
diving flood" in traversing the pidturesque vale of 
Mickleham; but a much more perfect instance occurs in 
the wolds of Yorkshire, not far from Malton. 

Springs sometimes partially tell the history of their 
own wanderings when they assume the charatfler of 
"mineral waters." The rain that has fallen often be- 
comes charged with carbonic acid gas as it percolates 
through the soil, or among the rocky strata, and, 
having thus acquired the power of dissolving the lime- 
stone or the chalk through which it has filtered, emerges 
into day as a "hard" or calcareous water. Occasionally 
its route has lain among iron-freighted rocks, sands, or 
days, and the ordinary strength-giving chalybeate of 
carbonated iron is thus prepared ready to our hands. 
Sometimes the water visits the secret laboratories flf the 
earth, where chymical forces are at work on decomposing 
pyrites, and brings to us iron in a less common form, or 
in union with sulphuric acid. Or it may absorb the 
gases produced during these decompositions, and appear 



l).,„e..,C00'^lc 



mus. 121 

to us as the unsavoury but useful sulphur well Again, 
its course may lie among the salt-bearing strata of the 
earth, where the varying kinds of "saline mineral waters" 
are mixed by Nature herself to benefit mankind. Some- 
times the subterranean tricklings may wander into those 
heated depths where chymical aiftion is forging the 
materials of the earth into new shapes, or near enough to 
the volcanic furnaces of the globe to receive a portion of 
their warmth ; and then the streamlet, turned in an opposite 
direflion, may be urged towards the surface by pressure 
from below, until it bursts into the world as a "hot 
spring". 

The water of springs and wells is never met with in 
a state of absolute purity, but the slight admixture of 
foreign substances usuaUy present, while it does not 
impair general usefulness, is attended with certain special 
advantages. By distillation pure water can always be 
readily obtained, and it is then in its most adtive state. 
But this very condition, so essential to the chymist and 
the manufafturer, would diminish the utihty of water for 
drinking and other domestic purposes. Water would 
then have been prone to dissolve many deleterious sub- 
stances — such as lead — from whose contaft it is difficult 
to guard it at all rimes, but on which, in its naturally 
impure state, it cannot adt. Another valuable "impurity" 
found in water is air, either fixed or common, by which 
it is rendered pleasant and sparklii^ as a beverage, while 
at the same time it acquires the important property of 
boiling without danger. When water has been carefully 
deprived of air, it may be heated up to 240 deg. Faht. 
before it begins to boil, but it is then apt to pass off 
suddenly into vapour with explosive violence. Let any 
one try to realise the inconvenience which so unmanage- 
able a property would have introduced into the kitchen 
and the manufactory. How admirable, then, are the 
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properties impressed on substances by the great Creator, 
with evident providence for the well-being of His crea- 
tures. 

In considering the fountains of the earfli as a blessing 
for which praise is specially due, we must not omit to 
allude more particularly to those healing virtues with 
which some of them are endowed. Mineral waters are 
of the most varied charafler; and there are, perhaps, 
few chronic forms of disease against which they may not 
be usefully employed at one stage or another. Provi- 
dence, moreover, has bountifiilly scattered them over the 
world, and thousands upon thousands owe to them the 
blessing of restored health. They are gifts from a source 
that lies beyond our ken, and modem science with all its 
progress cannot supersede thenL We know to a nicety 
the constituents of the most famous springs; they have 
been analysed and imitated most perfeiStly; but there is 
a point of difference between the real and the artificial 
which no art can seize. Nature is a cunning worker, 
compounding "mineral waters" in her laboratory under 
conditions of which we are ignorant, but from which, 
nevertheless, are derived special virtues which similar 
ingredients mixed artificially never acquire. Even in so 
simple a matter as the manufadlure of hot water there is 
a difference; as all may have experienced who have con- 
trasted the comparative pungency of a bath of artificially 
heated water with the softness of another that has been 
warmed in nature's own boilers. It is a singular circum- 
stance that the ingredient to which many celebrated 
wells owe there chief efficacy is the virulent poison 
arsenic Wiesbaden, Spa, and Kissingen contain that 
substance in union with iron, and it is also widely 
diffused in the waters of our own country. Thus may it 
be seen how skilfully Nature can administer the most 
a^ive poisons for our advantage. It might hare been 
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expected that mineral waters, in passing among the beds 
whence they extract their components, would have varied 
considerably by being sometimes strong and at another 
time weak. But although it is not to be denied that 
variations do occasionally occur, still it is found that 
substantially the same spring flows on with wonderfully 
little change ftxjm generation to generation. From this 
cause arises one chief reason of the safety of their 
administration and the unifonnity of the results obtained 
from them. 

In our own country we have good reason to be 
thankfiil for many famous wells, which, in a general way, 
may be considered equal to all purposes to which mine- 
ral waters are usually applied. Thus there are potent 
chatybeates at Tonbridge, Harrogate, and elsewhere. 
There are "salines" at Leamington, Cheltenham, Bridge 
of Allan, and in many other places. We have sulphur 
wells at Harrogate and Moffat, and hot springs at Bath, 
Clifton, Matlock, and Buxton. In the olden time, when 
medicine was in its infancy, when no more skilful phy- 
sician was to be found than the neighbouring monk, and 
no better drugs than the simples that grew in the Abbey 
garden, our ancestors placed unbounded faith in wells, 
and there was not a county in the realm which did not 
boast of its healing spring. According to the custom of 
the time, every well was dedicated to the honour of some 
patron Saint, and perhaps more than one name would 
have slipped out of the Calendar had it not been pre- 
served in association with those springs. Pilgrimages of 
a mixed sanatory and religious chara6ler used to be 
made to wells of note, and it is curious to observe to 
how late a period the custom was kept up. Pennant 
tells us that in his time pilgrimages to St Winifred's 
Well, at Holywell in Flintshire, had not been entirely 
discontinued. "In summer," he says, "a few are still to 
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be seen in the water in deep devotion, up to their chins 
for hours, sending up their prayeis." How different the 
feelings with which gay spas, especially on the continent, 
are visited in these days! Customs no doubt change. 
There is a time and a place for everything, and the 
pump-room or the bath seems scarcely suited to religious 
meditation. StiU it must be admitted that in prind- 
ple, at least, our forefathers were in the right, and that 
their fervent thankfulness, even though shewn under 
circumstances that might provoke a smile, was infinitely 
better than our frivolity. Surely the place where an 
invalid day by day is conscious of the blessing of return- 
ing health, ought above all others to be the place where 
the Giver of health should be had in remembrance. 
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SEAS AND FLOODS. 



O ye Seas and Floods, bless ye the Lord: praise Him, 
and magnify Him for ever. 

1H0 is there that does not love to wander by 
the sea shore? In its changeful aspefts, poets 
find the inspiration that shapes itself into the 
most beautiful thoughts; and, even when they fail to 
inspire, they often elevate ordinary minds to a point not 
far from the line where poetry begins. There are some 
subjecls, indeed, so happy in their own attraftiveness that 
they are not easily spoiled even though they be handled 
clumsily. Thus the flights of fellow-strollers on those occa- 
sions are listened to with a pleasure which their intrinsic 
merit does not always explain; but sympathy kindled 
by admiration of the same objefts is a useful vamish 
which keeps shortcomings out of sight and stifles criti- 
cism. Poetical ideas, moreover, may brighten the mind 
with their own beauty and be thoroughly felt and enjoyed, 
although, in struggling for outward expression, they can- 
not bring together the right words and oflen deviate into 
very common prose. 

In strolling along the shore we find ourselves sur- 
rounded on all sides by objects to interest and admire. 
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The cliff and the sands, the boulder rock and the pebbly 
beach — each has its charm. The ocean enhances beauty 
if beauty abeady exists; and it often creates beauty 
where, but for the charm which it bestows, there would 
be nothing to admire. On the open shore the air takes 
hold of us more bracingly than elsewhere; we realise 
more thoroughly the healthful consciousness of its pre- 
sence; the drooping nerves are strung again into vigour, 
as if watered with its freshness. Here, as in other scenes. 
Nature has her chara<5leristic sounds with which she 
regales the listener. The cry of the wildfowl is music 
to him especially whose path of life lies in the crowded 
city; and the crisp murmur of the ripple or the hollow 
booming of the wave falls pleasingly on the ear. There 
is a world of plantal and animal life spread out before 
us for enjoyment, and we have only to look and handle 
in order to be interested. How precious now are the 
scraps and fragments of Natural History which wc can 
bring to bear. Nowhere is knowledge more enjoyment- 
bringing, for nowhere are the plans which God has made 
for the welfare of his humbler creatures to be traced 
with more distinftness. How swiftly the time flies as we 
probe and peer into the clear lakelets that gather round 
the boulders on the sands or in the hollows of the rocks. 
The eye wanders de%htedly among the many-coloured 
tufts of alg£ that clothe their coasts and depths. These 
miniature forests teem with varied life, and many a 
little creature finds in their thickets a secure refuge 
from its foes. Stealthily we draw near to those pools, 
seeking not to destroy but to admire, and watch with 
pleasing interest the ways of their inhabitants. 

Not less pleasant is it to retreat step by step before 
the returning tide, to lose the dreary sands as they are 
again covered up in their mantle of water, and to watch 
the thousand eager streams rushing in from the sea 
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among the rocts, and once more joining on to the 
boundless ocean the pools we have been surveying. 
What a change suddenly passes over the black and 
yellow seaweed 1, A moment before it lay dingy and 
motionless upon the rocks, but now, revived as it were 
into new life by the return of the sea, it begins to float 
and wave its pennons. The mussels and periwinkles, 
the limpets and the sea-acorns which, an instant before, 
were glued to the rocks as faded and dead-like as the 
stones themselves, now hear the rushing sound and 
welcome the returning water. In another minute these 
trusting waiters upon Providence will be opening their 
mouths to the currents which bring them their "daily 
bread," rasping their food from the tough seaweed with 
their file-like tongues, and raking in supplies with their 
handy tentacles. The ever bountiful sea will surely 
bring nourishment to them all — not one will be forgotten 
by Our Father. 

The qres of all wait upon Thee, O Loid ; and Thou givesC them 
their meat in due season. Fs. cxiv. 

The lower depths of ocean are still a mystery. In 
a general way its bed resembles the land — now rising 
into mountains, now sinking into valleys, or spreading 
out into table-lands. The deepest valleys below the 
level of the sea-surface are believed to be about equal 
to the height of the highest hills above it; but so incon- 
siderable is this depth in relation to the diameter of 
the earth, that a mere film of water laid upon a sixteen- 
inch globe with a camel's-hair pencil would adequately 
represent it It need scarcely be said that modem 
observation has completely overturned the gloomy pic- 
ture of the bottom of the ocean which fancy suggested 
to Shakespeare, but which, in the absence of practical 
data, has stood its ground popularly almost up to the 
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present time. Schleiden says that if "we dive into the 
liquid crystal of the Indian Ocean, it opens out to us 
the most wondrous enchantments of the fairy tales of 
our childhood's dreams." The Professor's description 
is too long for quotation here, but it introduces us to 
sub-marine scenery where "strangely branching thickets 
bear living flowers. The colouring surpasses everything: 
vivid green alternates with brown or yellow : rich Unts 
of purple, from pale red-brown to deepest blue." "There 
are Gorgonias with their yellow and Hlac fans, perforated 
like trellis-work: leafy Flustras adhering to the coral 
branches like mosses and lichens: yellow, green, and 
purple-striped limpets resembling monstrous cochineal 
insefls upon their trunks." "Like gigantic cadtus blos- 
soms sparkling in the most ardent colours, the sea- 
anemones expand their crowns of tentacles upon the 
broken rocks, or more modestly embellish the flat bot- 
tom, looking as if they were beds of variegated Ranun- 
culuses, Around the blossoms of the coral shrubs play 
the 'humming-birds' of the ocean, little fish sparkling 
with red or blue metallic glitter, or gleaming in golden 
green or with the brightest silvery lustre." The many- 
tinted phosphorescent lights of the ocean crown this 
gorgeous painting, and "complete the wonders of the 
enchanted night." "The most luxuriant vegetation of 
a tropical landscape," continues the Professor, "cannot 
unfold as great wealth of form, while in variety and 
splendour of colour it would stand far behind this 
garden landscape, which is strangely composed ex- 
clusively of animals, and not of plants. Whatever is 
beautifiil, wondrous, or uncommon in sub-marine life 
is crowded into the warm and crystal waters of the 
tropical ocean," 

The abundance of animal life in the ocean greatly 
exceeds that on land. The sea affords a home for the 
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largest of known animals as well as for the most 
minute, and life teems everywhere. Sporesby once sailed 
through a patch of the Greenland sea — 20,000 square 
miles in extent — covered with a species of medusa on 
which the whale feeds, and he calculated that every 
square mile contained 23 quadrillions 888 trillions of 
independent living creatures! He did his best, more- 
over, — we shall not pronounce with what success,— to 
bring the number contained in one of these miles within 
the range of conception by saying, that "to count them 
would require 8o,ooa persons, and a period equal to the 
interval between the present and the creation." Yet it 
must be recolledled Uiat this was only the aggregate of 
life in one of the 20,000 square miles, and that the whole 
scene was but a fragment of the ocean. In the coral 
polyp we have another example of a creature whose 
numbers baffle conception. In many parts of the ocean, 
islands and reefs are now being construiSed by countless 
myriads of these animals. Off the east coast of Australia 
there is a single coral reef a thousand miles long, and 
vast tracks of the Pacific are studded with islands of coml 
formation. Placed side by side with the produiftions of 
these pigmy labourers, pyramids and breakwaters, and 
alt the most stupendous works reared by man sink into 
utter insignificance. 

It is noteworthy that amid this richness of life the 
sea, like the land, has its deserts — " desolate regions, " as 
they are termed by mariners — in which few signs of life 
in air or water are to be seen. In many maps such a 
jegion will be found laid down in the South Pacific, 
between Patagonia and New Zealand. Birds that have 
followed a ship for weeks tt^ether seem to recognise this 
blighted ocean-desert, and often fall away as soon as 
they enter it 

The blue colour of the sea is one of its chief attrac- 
9 
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tions, and, as the intensity is greatest vhere the saline 
matters are most abundant, there appears to be a close 
connection between the two conditions. Thus the water 
of the Gulf-stream, south of Newfoundland, is bluer than 
the fresher water beside which it flows, and the line of 
demarcation between them is so sharp as to be easily 
distinguished. "Off the coast of the Carolinas," says 
Maury, "you can see the bows of the vessel, as she 
enters the Gulf-stream, dashing the spray from those 
warm and blue waters, while the stem is still in the sea- 
green water of the Bank of Newfoundland," The "blue 
Mediterranean" has become a proverb, and the fa£l is 
explained by the circumstance that the sun, by causing 
enormous evaporation, strengthens the brine of die con- 
, fined waters as in a salt-pan. On the other hand, seas 
that contain comparatively little salt, such as the German 
and AriSic oceans, are of a green rather than a blue 
colour. Navigators tell us of other colours which the sea 
exceptionally assumes. Thus there is a Yellow sea, so 
called from the colour of the sand, or mud; a White sea, 
from the weakness of the saline solution; and a Red sea, 
from slimy fuci cast up from the bottom of its bed. 
Near Tierra del Fuego Darwin observed in the sea 
brown-red patches, produced by prawn-like crustaceans 
floating in it. The sailors called them whale-food; and, 
in truth, they appeared to be just the sort of banquet on 
which a whale would feast Near the Galapagos Darwin 
also remarked that a film of floating spawn gave a dark 
yellowish or mud-like colour to the sea; on another 
occasion the ocean was covered for miles with a coating 
that displayed iridescent colours. The sailors, who are 
often shrewd observers, attributed it "to the carcase of 
some whale floating at no great distance." A patch of 
white water, twenty-three miles in extent, was observed 
in the Indian ocean. "In appearance," says Darwin, 
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" it was like a pl^n of snow. " " The scene was one of 
awfiil grandeur; the sea being turned to phosphorus, the 
heavens being hung in blackness, and the stars going out " 

Phosphorescence is one of the most beautiful appear- 
ances presented by the sea. We sometimes fancy it to 
be very vivid upon our own coasts, but sailors nevertheless 
assure US that the l^ht is pale in comparison to its 
br^htness in tropical regions. There are two forms in 
which it appears. In one, bright isolated specks are 
seen from the shining of starfishes, annelids, medusae, 
and various kinds of cnistacea and mollusca. In the 
other, there is a diffused luminosity, often flashing into 
coruscations, produced by a profusion of microscopic 
animalcules. The phosphorescence of the Nodtilucae is 
sometimes beautifully seen while steaming along our 
coasts at night, as the water is dashed from the bows, 
and it is also very conspicuous when a glass vessel, filled 
with water containing them, is placed in the darL These 
creatures occupy one of the humblest positions in the 
animal scale. Yet, though they look like mere specks of 
animated jelly, they are by no means insensible to rough 
treatment, under which they shine with increasing light 

If all the salt in the sea were collected together it 
would cover the entire surface of Europe with a layer one 
mile in thickness. Whence comes this saltness of the 
sea, and what is its use? The first point is doubtful. 
The earth, it is true, contains vast stores of salt hidden 
away among its strata, and in the convulsions through 
which it has passed much salt might easily have been 
washed out into the sea. But, on the other hand, the 
beds of salt forming these stores shew unmistakeably 
that they themselves have been deposited from water- 
Not improbably the sea was created salt, just as it now 
is; and, from its almost unvarying constitution preserved 
amid causes tending to disturb the balance, it evidently 
9—2 
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retains by special provision the exa^ amount of saltness 

adapted to the uses it has to fulfil 

' - The ocean is "ever restless." There are interstitial 

movements between the drops themselves of which it is 

composed, and there is a grand circulation in the whole 

mass of water to which the term current is usually 

restrifled. 

The necessity for this incessant circulation may be 
inferred from the care which Providence has taken to 
insure its efficient performance. Within the tropics the 
fierce sun is constantly skimming the surface of the sea, 
and creating a void that has to be filled up by the 
surrounding water. Among the most powerful agents of 
circulation is the moon, by whose attraction is raised the 
wave of the tide, which, setting out from one extremity 
of the ocean, traverses it unto the other. The willing 
atmosphere, seldom standing idly by when any of the 
grand operations of nature are going forward, takes its 
share of the work, and by its Trade winds, monsoons, 
and other breezes, helps on the good cause. Sometimes 
the wind chums the waves, as in the storm; at other 
times it drives them before it, and piles them up in 
<x>n£ned bays, such as the Mexican Gulf, whence they 
fall down in a current across the neighbouring sea, and 
thus restore the equilibrium. But the mainspring of the 
machinery is to be found in the ocean itself, which, by 
means of differences in its weight, or specific gravity, 
establishes the principal currents. In equatorial regions 
evaporation thickens the brine, and makes it dense and 
heavy. In the polar sea evaporation is checked by the 
cold, while melting snows and glaciers pour into it 
immense quantities of water during the summer, by which 
it is made fresh and light. There is thus at one end of 
the mobile mass a dense fluid, and at the other end a 
light one; and the necessary result is a current from the 
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Equator to the poles to displace the fresh water, and a 
counter-current from the poles to the equator to fill up 
the void which the dense water leaves behind it. In 
a general way, therefore it may be said that the southern 
ocean is being continually poured into the polar seas, 
which in an equal ratio empty themselves back into 
the southern ocean. 

The Gulf-stream is the most famous of all the currents 
that flow towards the north, and one of the most 
wonderful physical phenomena in the world. Its great 
historian, Maury, thus eloquently describes it: — "There 
is a river in the ocean. In the severest droughts it never 
fails, and in the mightiest floods it never overflows. Its 
banks and its bottom are of cold water, while its current 
is of warm. The Gulf of Mexico is its fountain, while 
its mouth is in the Ar6lic seas. It is the Gulf-stream, 
There is in the world no other such majestic flow of 
waters. Its current is more rapid than the Mississippi 
or Amazon, and its volume more than a thousand times 
greater." Kushing past the point of Florida, it starts on 
its path across the Atlantic as a compa6l river sixty 
miles broad and three thousand feet deep, and at a pace 
of four or five miles an hour. Onward it streams in a 
north-easterly diredtion, spreading out its waters like a 
fan, until it approaches the Cornwall coast, the west of 
Ireland, and the Hebrides of Scotland. The great bulk 
of the still warm waters flows onwards between the 
Shetlands and Iceland; and then, after laving the northern 
shores of Norway, the current is gradually lost in the 
Spitzbergen seas. Whether the waters of the Gulf-stream, 
still recognisable fay their temperature, are destined to be 
re-discovered as an open, comparatively mild sea under 
the pole, surrounded by Ardtic deserts that lie outside 
its influence, is a problem which the next few years will 
most probably solve- 
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Side by side with this wann northward-moving flood 
there ia a great compensatory polar stream bearing 
down in an opposite dire<5tion. It rises in the distant 
recesses of Baffin's Bay and the Greenland sea, and 
then, studded with icebei^ sweeps along between Ice- 
land and the coast of Labrador, encircling the island 
of Newfoundland in its chill embrace. To the south 
of the Bank it encounters the Gulf-stream running north- 
eastward; — the paths of the two giants cross each other, 
and they stru^Ie for the right of way. Their hostile 
waters refuse to mingle, and each continues to retain its 
colour and temperature But, though neither is vanquish- 
ed, each leaves its mark upon the other. From the force 
of the shock the Gulf-stream for a moment falters in 
its course, and is deflefled towards the south ; while the 
polar current, unable to break through the concentrated 
mass by which it is opposed, dives under the bed d the 
mighty stream, and then hastens on towards the tropics. 

The higher latitudes of the southern ocean are even 
more numerously studded with drifting icebe^ than 
the northern, from which, were other proofs wanting, 
we might safely infer the existence of currents analogous 
to those just described. The superficial polar currents 
are sometimes very baffling to navigators desirous of 
penetrating into h^h Utitudes. One of them was carried 
— ship and all — a distance of izoo miles upon the ice, 
as it drifted down the centre of Baffin's Bay, Captain 
Pany, too, found all his efforts to penetrate towards 
the pole countera<£ted by the circumstance that the 
distance travelled in sledges durii^ the day was only 
equal to the southera drift of the whole mass of the 
ice during the night Under this superficial polar 
current there is in some places, perhaps in all, a deeper 
current running in die opposite dire<aion. Thus it has 
occasionally happened m Baffin's Bay, that while ships 
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in calm weather have been drifting to the south on the 
superficial stream, large icebergs, whose bases must 
have sunk deep into the lower current, have been ob- 
served to move in the opposite dire^ion. 

These currents of the sea aid commerce, distribute 
seeds over widely distant regions, and sometimes afford 
abundant supplies of timber to couotries destitute of 
forests. In this way the Icelanders are furnished from 
the woods bordering the rivers in Siberia. In high 
latitudes it is obviously desirable that the sea should 
remain free from ice as long as possible, both for the 
sake of commerce and because the Esquimaux find in 
it their chief stores of food. The saltness of the ocean 
helps to keep it open; for while fresh water freezes at 
32 degrees, salt water remains fluid down to a tempera- 
ture of about 38 degrees. But the polar seas, from the 
rains and melting of the ice, combined with the small 
evaporation going on in them, tend naturally to become 
less salt; while, at the tropics, from the great loss of 
water by evaporation, the saltness tends to increase. 
The equatorial current, therefore, assists in keeping the 
Art^ic sea open by bringing to it supplies of stronger 
brine from the South. 

By means of the great currents of the ocean another 
extremely important 'fumStion is performed. One of the 
cosmical problems which Nature had to solve was how, 
on the one hand, to warm polar, and on the other how to 
cool tropical regions, to a degree compatible with the 
development of life. For this great adjustment the most 
stupendous machinery that exists on the earth has been 
employed. We have already seen how heat, packed up 
in the vapour rising from southern seas, is borne along 
by the atmosphere to regions where it is wanted ; and we 
now perceive that this warming machinery — vast though 
it be^ — requires to be supplemented by heat conveyed 
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towards the poles by the currents of the ocean. The 
means are marvellously great, yet calculated with such 
nicety as to be in the most exafl proportion to the 
magnitude of the work to be done. Pouillet and Her- 
schel have estimated the daily amount of heat received 
by the earth from the sun as sufhcient to raise the tem- 
perature of 7513 cubic miles of water from the freezing 
up to the boiling point, and of this heat equatorial 
regions receive a proportion which would be incom- 
patible with life did not some contrivance exist for 
carrying off the excess. Owing to the preponderance 
of sea over land within the tropics, the ocean receives 
the largest share of this heat It has a mean surface 
temperature of about 80°; while in the Caribbean sea 
and some other places the temperature rises nearly 
to blood heat. Were the water in the Mexican Gulf 
not cooled, it would soon become destruiftive to life. 
To effed this Nature establishes currents by which 
some of the hot water is continiully drawn off from 
the caldron, and a corresponding quantity of cold 
water is continually let in to supply its place. The 
operation may be compared to a kitchen boiler fed 
with cold water through one pipe, and from which a 
proportionate quantity of hot water escapes through 
another. The pipe that issues from this caldron is the 
Gulf-stream, and, in order to form some idea of the 
service it renders, let us consider the amount <rf' heat 
it carries along. As it leaves the gulf there is a mass 
of water, 60 miles broad by 3000 feet deep, with a 
maximum temperature of 86"; and before it is lost in 
the polar sea its temperature has fallen to nearly 320. 
All the heat implied in this difference has been dis- 
tributed by the way in improving the climate of the 
regions through which it passed. It has been calculated 
that the heat discharged into the Atlantic by the waters 
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of the Gulf-stream in a winter's day would be sufficient 
to raise the whole atmosphere covering France and 
the British Islands from the freezing point up to sum- 
mer heat; and Maury has observed that It would 
be sufficient to keep in flow a molten stream of iron 
greater in volume than the Mississippi. There is design 
even in the refusal of the contending streams to mingle 
together off the coast of Newfoundland, as by their sepa- 
ration "the heat and the cold" are carried better and 
farther into the regions where each is wanted. It is 
indeed remarkable how well heat and cold are thus 
conveyed. The cold polar current which we lost to 
the south of the Bank of Newfoundland, where it 
dipped under the bed of the Gulf-stream, might still 
have been reached by deep soundings, and recognised by 
its temperature of 35", while the "river" flowing above 
it approached 80". And by the same test it may again be 
recognised among the West India Islands, with the label 
of its cold origin still attached to it In those seas 
the temperature of the surface water may be 850, while 
that of the deep water is 430, or only 11° above the 
freezing point 

There is another evidence of design about this 
wonderful stream which must not be passed over. 
Maury says, "its banks and its bottom are of cold 
water;" and, indeed, this was essential, in order to 
make it a good hot-water pipe. Earth and rocks 
are better conduflors of heat; and, consequently, if 
the banks and bottom had been construiaed, as Uiey 
usually are, of these materials, the Gulf-stream would 
have held its heat with a less tenacious grasp, and could 
not have carried it, as it now does, 3000 miles across 
the ocean to improve the climate of cold latitudes. At 
Newfoundland in winter-time the thermometer is often 
at zero, while within a good day's sail to the south 
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may be enjoyed the genial climate of the Gulf-stream. 
Its influence in wanning the winters of the British islands 
is shewn by a comparison between our thermometric 
r^pster and that of places situated on the same paiallel 
of latitude on the other side of the Atlantic. After it 
has reached Hammerfest, near the northern extremity 
of Norway, and considerably within the Ardtic circle, 
its influence still suflices to keep the harbour open in 
the severest seasons. It is even asserted that, in the 
ocean near Spitzbergen, water is occasionally to be met 
with in the track of the Gulf-stream which is only one 
degree colder than it is in the depths of the Caribbean 
sea. 

From this general outline some idea, may be formed 
of the way in which ocean currents co-operate with 
air currents in equalising temperature over the globe. 
By their combined means the heat which would otherwise 
accumulate at the tropics is earned towards the poles; 
while the cold which would blight the polar regions is, if 
we may so express it, earned towards the equator. By 
this beautiful provision the climates of the world are 
improved; the bleak north is made less bleak than it 
otherwise would be, and the temperature of the over- 
heated south is kept within due bounds. In our own 
islands, more especially, we have reason to bless God 
for "the floods" which soften the rigour of our climate, 
and give to some parts of the kingdom a winter season 
which in temperature may compete with many in the 
south of Europe. Nor can any one who considers the 
vastness of these operations fail to perceive how much 
the Creator is praised and magnified both by the sim- 
plicity of the means employed, and the perfe<^ion with 
which the end is accomplished. 

The great currents we have been considering form 
the main arteries and veins of the ocean; but there is 
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also a constant movemeDt and mixing going on among 
the particles themselves, which might by comparison be 
tenned its capillary circulation. The motor force is 
derived from local changes in temperature or in the 
degree of saltness. Eveiy beam of sunshine that falls 
upon the sea, by lightening the specific gravity of the 
portion on which it falls, sets a current in motion to 
re-establish the equilibrium. In Uke manner every kind 
of fish, and more especially every kind of shell-building 
creature that lives there, as soon as it has absorbed a 
particle of lime, silica, or other matter, alters the specific 
gravity of the atom of water whence the matter was 
extra<5ted, and creates a minute current of denser water 
to restore the equilibrium. Plants which, like corallines, 
absorb lime a<5l in the same way. The amount of each 
operation is infinitesimal, but the grand result is that a 
capillary circulation of minute currents is everywhere 
going on, by which the salubrity of the general mass of 
the ocean is promoted. How wonderful the aimplicily 
of the means by which all this is accomplished I A grain 
more or a grain less of common salt contributes its share 
in keeping the ocean in healthy movement! Nor is it 
to be forgotten that the humblest inhabitants of the sea, 
by withdrawing lime and silica, subserve another purpose, 
as they prevent these substances from unduly accumu- 
lating. For as all the rivers that fall into the sea are 
continually bringing saline matters into it, it is obvious 
that these would soon exist in excess if no arrangement 
had been made for their removal 

There are some inland seas preeminently useful as 
the great highways of the world, which would ere this 
have degenerated by evaporation into pestilential swamps, 
had not their safet)' been secured by establishing currents 
of supply, which pour into them not only from rivers but 
from the ocean itself. In the Mediterraneiin, the water 
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skimmed off by evaporation is computed to be three times 
greater than all that is received from the Rhone, Danube, 
Nile, and its various other tributaries. The difference is 
made up by the strong current which sets in from the 
Atlantic through the Straits of Gibraltar. An arrangement 
even more remarkable occurs in the Red Sea. On the 
one hand, the sun beats so hotly upon its land-locked 
waters that they are often raised to a temperature of 900; 
consequently, the evaporation is excessive. On the 
Other hand, throughout its whole length of about izoo 
miles not a single stream that can be called a river falls 
into it to supply the waste. It is, in fa<5t, a huge natural 
salt-pan, in which the brine would become stronger 
and stronger, until at length its bed would begin to be 
filled up with deposits of salt, were it not for the regulat- 
ing action of a double current at the Straits of Eab-el- 
Mandeb. That which is superficial brings an abundant 
supply of water from the Indian ocean ; that which is 
deep carries off the excess of salt from the Red Sea, 

Another well-known sea — the Baltic — is in danger 
of losing its healthy amount of saltness from causes the 
reverse of those just mentioned ; for while many rivers 
flood it with supplies of fresh water, it lies so far to the 
north that comparatively little is dissipated by evapora- 
tion. The brine is thus in danger of being over-diluted. 
The remedy, however, is found in a double current By 
the superficial current, some of the brackish water is 
decanted off into the North Sea ; by the deep, a supply 
of salt is brought from the North Sea into the Baltic 

The tidal floods which add so much to the interest of 
OUT seaside strolls are also of the highest use. Thot^h 
little else than mere undulations without movement in 
the open sea — like those we admire in fields of "wavy 
com" when agitated by the wind — tides are strong cur- 
rents in the narrow seas and rivers where they ebb 
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and flow. Tides, therefore, facilitate commerce; and 
from their undeviating regularity enter as a certain ele- 
ment into the sailor's calculations. The wave of water 
thus sent iip a river deepens its channel, and gives to 
many an inland town the advantages of a sea position. 
But for the tide, the miles of wharves which border the 
Thames at London would never have existed ; and it is 
not too much to say that to its tide the metropolis owes 
its rank as the foremost commercial city in the world. 
At high water the channel at London Bridge is deepened 
from 18 to 24 feet ; while Bristol and Glasgow are even 
more dependent upon the tide than London. The Avon 
at St Vincent's rocks, when the tide is at the lowest, 
would hardly swim a boat ; but after it has received its 
forty feet flood it could float a man-of-war. At Glasgow 
there are persons living who recollefl when the river 
could be waded across at low water. The height of 
tides varies extremely. Where there is nothing to con- 
fine them, as in the open ocean, they seldom rise above 
two or three feet ; and the same effedt happens if the 
direction of an inland sea lies out of the course of their 
flow, as in the Mediterranean. On the other hand, 
where a gradually contradting estuary, like the Bristol 
Channel, opens fairly to the flood, it sweeps in from the 
ocean with full volume ; and, being hemmed in more and 
more between converging shores, it mounts higher and 
higher as it advances. Thus at Chepstow the tide occa- 
sionally attains an elevation of 50 feet Still more extra- 
ordinary is the tide in the Bay of Fundy, on the east 
coast of New Brunswick, where a wave seventy feet 
high is sometimes piled up by the flowing flood. This 
wall of water advances at such a pace that it often over- 
takes deer, swine, and other beasts feeding or rambling 
about the shore, and swallows them up. The swine, as 
they feed on the mussels at low water, are said to smell. 
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or perhaps to hear, the "bore" ^rfiile it is yet distant, and 
sometimes instimfttvely dash off at the top of their speed 
to the cliffs to avoid the coming danger. 

There is something solemnly impressive in the first 
glance which the voyager unaccustomed to ocean life 
takes from the ship which has borne him &irly " out of 
sight of land. " With nothing visible around but sea and 
sky, the ship seems a mere speck wandering at random 
upon a trackless waste. Yet there is no hesitation among 
those who guide the noble bark as it forges onwards to 
its destined port The "pathless" ocean is now inlaid 
a mere figure of speech, for its highways and byways 
have been surveyed and accurately mapped out, Oq 
deck is to be seen the trusty compass, pointing out the 
course, like a friendly monitor, with a finger that never 
tires. Above, there are the sun, the moon, or the stars*— 
beacons fixed high in the heavens — sign-posts that never 
deceive the mariner who has skill to read their writing. 
The accuracy of modem navigation is truly miraculous. 
Ships start on a voyage of 15,000 miles, say, from New 
York to California, during which they may not once see 
land, yet they strike the sought-for harbour as if it had 
been always before their eyes. Captain Basil Hall once 
sailed from San Bias, on the Mexican coast, round Cape 
Horn to Rio Janeiro. During the three months he was 
at sea neither land nor sail were seen, yet he struck the 
liarbour's mouth so exaftly that he scarcely required to 
alter his course by a single point in order to enter it 
Had God not provided for accurate navigation by means 
of astronomical signs, and had He not designedly en- 
dowed man with faculties capable of understanding their 
import, commerce as now developed could jiever have 
existed; and there is not a nation on the earth which 
would not thereby have lost many of the comforts and 
blessings now brought to it But through His beneficence 
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the "pathless ocean" has become the world's surest 
highway; and, instead of separating nations, it joins them 
together. It is easier now to reach the remotest comer 
of the globe hy sea, than it is to penetrate into Siberia 
or Arabia, though these countries Ue comparatively close 
at hand. 

The sea is slightingly called the " unstable element, " 
but in the permanence of Its condition it is much more 
stable than terra firma. The land in some places is being 
heaved upwards, in odiers it is sinking downwards; but 
the level of the ocean never changes. Sometimes the 
sea is hastily identified with " treachery," but iu currents 
are more trustworthy than the winds on land. True it 
is that, in obedience to the taw of gravity, a ship some- 
times sinks and a gallant crew perishes. But upon the 
upholdmg of this very law of gravity every other life in 
the world depends, and its suspension even for an instant 
would involve universal destru6tion. The sea sometimes 
bursts its bounds and desolates the dry land, or sweeps 
the useful pier into the deep, or destroys the lighthouse; 
but God has given us faculties and provided us with 
means to grapple with all these evils, and control even 
the ocean itselt Man's industry and skill again shut out 
the sea with sBronger dykes, he builds a better pier, rears 
another lighthouse round which winds and waves dash in 
vain, and he plants the solid breakwater athwart the deep 
to create the safe harbour within. Thus some of man's 
greatest viiftories are won in his battles with the sea. 
Modem skill in building and navigating ships has reduced 
the dangers of the sea to a level with those of the land, 
and has in most cases made ocean disaster synonymous 
with ignorance or want of care. 

The great rivers of the earth are preeminently Its 
Hoods, and the harmony with which rivers and ocean 
are regulated in relation to each other is another uarvd 
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of creative adjustment. "All the rivers nm into the 
sea," siuth the Preacher, "yet the sea is not full" Great 
as are the volumes of water poured into it by the Missis- 
sippi, the Amazon, the Nile, the Ganges, the Yang-tse- 
Kiang, as well as by every other stream and rivulet 
throughout the world, the level of the ocean knows no 
change, for the supply has been measured with a nicety 
which while it satisfies all wants leaves no surplus. With 
the same exactness the rivers throughout the world are 
fed with rain and dew. In certain years, or at certain 
seasons of the year, the fulness of their channels may 
vary; but, notwithstanding the freaks of the rainfall, and 
other causes, the great rivers of the earth shew no sign 
of change in the amount of their annual tribute to the 
ocean. The streams that feed them may dry up at one 
season or swell into torrents at another; but ultimately 
the average balance is attained. The Nile at first sight 
seems an exception to this rale, but the exception is 
apparent rather than real; for this river, when the mean 
between its lowest and highest state is taken into account, 
probably varies as little as others in its yearly average. 
Thus may it be seen how perfeiftly that most wonderful 
of all hydraulic machines — the atmosphere — achieves its 
mighty work. By evaporation it yearly lifts up from the 
ocean the exafl quantity of water needed by the land; 
and it pours into the rivers a supply which from year to 
year scarcely knows variation. 

The great inland seas of the globe present to us 
features which illustrate most strikingly the power and 
wisdom of God. Look at the Caspian, or the Sea of Aral 
in Central Asia, or at the Great Salt Lake of North 
America. Each of them receives the drainage of a large 
district and yet there is no outgoing stream to carry ofi" 
the water. If we were to continue pouring water into a 
basin we know what would happen; — the basin would be 
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filled to the brim, and would then overflow. And in 
like manner the water in these inland seas would over- 
flow and devastate the country had not a safety-valve 
been provided in evaporation. But again, the evaporation 
might have been too little or too much. It might have 
been insufficient to prevent the overflow; or it might 
have been excessive, so as ultimately to have sucked the 
sea dry, and left its bed an arid, salt-encrusted desert In 
most instances, however, it is found that the waste on the 
one hand, and the supply on the other, are so exadtly 
adjusted as to equalise each other, and thus the usual 
level is preserved. In some distridls of Asia are to be 
seen what may be called the ruins of ancient seas, which, 
in the all-wise plans of Providence, were not intended to 
endure. In them the balance was upset by excessive 
evaporation; the brackish water first thickened into brine, 
and then the brine solidified into the salt-encrustations 
which mark the site of the old bed. 

Another evidence of providential design is seen in 
those lakes which spread out near the chief sources 
of rivers. They are, in facS, natural reservoirs in which 
the excess of water is stored up until it is wanted. Were 
there no such provision inundations from the rapid rise 
of torrents during heavy rains would occur more fre- 
quently, but by the aid of these reservoirs the storm 
passes over in safety; for a great portion of the rain, 
instead of running off at once in violent floods, accumu- 
lates in the lake, whence it is given out gradually and 
serviceably, and thus often suffices to keep up a flow 
of water when drought would otherwise have left the 
river dry. 

Rains, rills, and rivers rasp off' the surface as they 
pass over it or through it. The rubbings of the rocks 
go to increase the store of fertile soil. As earth or mud 
they are washed along by the current, and deposited 
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over the slopes and plains. Sometimes inundations 
periodically occur, as with the Nile, whereby, after 
subsidence, a rich coating of fertile soil is found de- 
posited over the surface of the land. Most great rivers 
transport to the sea enormous quantities of earthy mat- 
ters and gravel, which in the course of ages form round 
their mouths a "delta" or proje<5ting tongue of rich 
alluvial soil. Besides these more bulky matters, rivers 
bring down into the sea supplies both of lime and silica, 
which they have dissolved out of the soil or the rock. 
In such materials myriads of fishes, mollusks, polyps, 
and other creatures find all they require for the growth 
of their skeletons, the building of their houses, and the 
construftion of those vast reefs of coral which are slowly 
rising from the deep. 

In Holy Scripture we are not less struck with the 
beauty than with the exa6tness of expression in which 
some of the leading points connected with the water- 
system of the globe have been described. In Eccle- 
siastes the sea is recognised both as the beginning and 
the ending of all the rivers of the earth; — "Unto the 
place from whence the rivers come thither they return 
again." Nothing could more truly express the feiSl. 
The ocean- vapour which has been long the sport of 
driving winds knows its true home; for no sooner does 
it touch the earth as rain than, with a seeming insrinft 
and a movement that never ceases, it hurries down the 
mountain side and across the plain, or trickles through 
the by-paths of the rocks until, collei5ted into brook 
or river, it plunges once more into its parent ocean. 
Every drop of the returning water has gone a long round 
since it issued from the deep, and in all the phases of 
its existence it has scattered blessings by the way. It 
is a blessing in the ocean, where it diffuses the means 
of living to myriads; as vapour, cooling and refreshing 
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the air at one time, warmiDg and moderating the rigours 
of climate at another; as cloud, shielding the earth from 
the scorching sun, checking excessive radiation, and 
tempering elediric influences; as rain, washing impurity 
from the air and reviving the thirsty soil; as surface 
moisture, carrying nourishment to plants; as streams, 
irrigating and fertilising the land; as mineral springs, 
infusing health into many a shattered frame; and lastly 
as rivers, bearing along on their deep currents the 
commerce that multiplies the comforts of life. In every 
form and stage God has chosen water as His servant 
to scatter good gifts among His creatures. 

Ocean, clouds, rain, and rivers are the elements of 
a circulation on which the life of the world depends. 
The ocean is the mighty heart — the clouds and vapours 
driven by the wind are the distributing arteries — the 
minute rain-streamlets are the capillaries vivifying every 
comer of the earth — while the tiny rills, soon swelling 
into brooks and then into rivers, are the returning veins 
which empty the water back into the mighty heart. 
Water is the blood of the earth; where it falls, the 
surface is living and fruitful; where it is denied, the 
ground withers into sand. Without the ocean there 
would be no rain; without rain, no fertile land; without 
fertile land, no plants; — and without plants no animals. 

He galhereth the waters of the sea together, as it were upon 
an heap ; and layeth up the deep as in a treasure-house. Ps. xxxiiL 
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THE WINDS OF GOD. 



O ye Winds of God, bless ye 4he Lord: praise Him, and 
magnify Him for ever. 

KgWNE cannot bestow a thought on the machinery 
■ Ski by which the grandest operations of nature are 
B^^^ carried on without perceiving how much is ac- 
complished by means of air and water. In one shape or 
another these busy agents meet us at every turn ; — some- 
times afting singly, sometimes in combination, but al- 
ways playing into each other's hands with a perfe<5iion 
which one might fancy was the resuh of a living intelli- 
gence, and which nothing short of infinite wisdom could 
have devised. Animated by solar heat they form the 
mightiest engines in nature's workshop — labouring with 
unerring instimSt, fetching and carrying, fertilising, vivify- 
ing, and supporting life. They form, as it were, the right 
hand of Providence, and their appointed task is to distri- 
bute blessings over the world. 

Winds range through an atmosphere encircling our 
globe to a height of forty-five or fifty miles, and the thick- 
ness of this belt in relation to the diameter of the earth 
has been compared by Maury to the down upon a peach. 
As air is a fluid, we may consider the atmosphere in its 
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totality as a gaseous ocean, at the bottom of which we 
living creatures exist and move about. The upper sur- 
face of this ocean obeys the law of gravitation, by which 
all fluids are compelled to maintain their level; and 
hence, when accumulations of air arise upon its surface 
from internal disturbance, they must, like the waves of 
the sea, flow down upon the lower levels around, until 
the equilibrium is restored. The air varies in its density 
at different heights, according ,to the pressure of the mass 
above it It is greatest, therefore, in low situations, as at 
the level of the sea, where it weighs fifteen pounds to the 
square inch, or nearly one ton to the square foot. In 
ascending, the weight of the aerial column diminishes in 
a nearly fixed ratio, so that by ascertaining its amount 
by means of a barometer, the altitude of any given spot 
may be pretty accurately determined. So rapidly does 
the weight diminish that, at the top of Mont Blanc for 
example, no less than one half of the total mass of the 
atmosphere is found to have been left below. 

One chief cause of the varying atmospheric weight at 
the same level is the greater or less abundance of aqueous 
vapour present in it. Dry air is 60 per cent, heavier 
than vapour, and consequently when vapour takes the 
place of a portion of air the weight of the atmospheric 
column is diminished. This may be illustrated by filling 
a tea-cup to the brim with water to represent a column 
of atmosphere. Our position as mortals upon earth is, 
of course, at the bottom of the cup where the tea-grounds 
lie; but for the moment we may suppose ourselves look- 
ing down upon the top of the atmosphere represented by 
the surface of the full cup. If we now displace a portion 
of the water by pouring in some lighter fluid, as spirits of 
wine, the weight of the column will be necessarily dimin- 
ished; for the teacup, instead of being completely filled 
as before with the denser fluid, wilt be partly filled with 
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the lighter fluid also. In a corresponding ratio the weight 
upon the bottom of the cup, representing the surface of 
the earth, will be lightened. There can be no permanent 
accumulation on the top, for the excess of fluid runs over 
upon the surrounding lower levels, hke a sea wave, and 
thus the same height is always maintained. In a general 
way, therefore, a low state of the barometer indicates a 
light or vaporous condition of the atmosphere and a 
disturbance in the aerial equilibrium; hence, rain and 
wind are to be expefled. How many there are who 
habitually pass by the little instrument as it hangs in its 
comer in the Hall without a thought of gratitude or of 
admiration at the wonderful series of adjustments on 
which its signals are founded. How different it is at sea! 
There the mariner consults it often and anxiously, as he 
would a truthful friend who can point out to him betimes 
when danger threatens. Every movement is analysed, 
its slightest hints are carefully pondered. Never does a 
day pass by on which lives are not saved by the warning 
throbs of this atmospheric pulse. 

To be "as fickle as the wind" is one of those pro- 
verbial reproaches which are sometimes made with scant 
justice at nature's expense. In reality, however, the laws 
of the winds are as fixed as other physical laws, only, 
from the difficulty of tracing their a^ion in the aerial 
regions where they rule, we are as yet in the infancy of 
our knowledge respeifting them. In Ecclesiastes we 
read, — "The wind goeth toward the south, and tumeth 
about unto the north; it whirleth about continually, and 
the wind retumeth again according to his circuits." This 
is one of those profound expressions in physical science 
sometimes met with in the sacred volume, which, though 
greatly in advance of the knowledge prevailing at the 
time when they were written, have been confirmed with 
literal exa<5tness by modern investigation. We have 
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here, indeed, the pith of all that is known in r^ard to 
atmospheric circulation, and it could hardly be more 
dearly or beautifully stated. The grand circuit of the 
wind is from the poles to the equator and back again in 
unceasing rounds ; at one time, sweeping broadly across 
the surface of the earth; at another, passing in vast 
volumes in a coutrary diredlion in the upper regions of 
the atmosphere. It is true these great floods of wind are 
so often defiedled from the straight course to form local 
currents, that it appears at first sight as if all were confu- 
sion in the atmosphere. But tliose local currents, though 
they retard and complicate, do not ultimately prevent 
the final result by which the "wind retumeth again 
according to his circuits." The "circuits" are the great 
wind-channels of nature, and in them we see estabUshed 
in the atmosphere a system very analogous to those polar- 
equinoctial streams for ever flowing in the ocean. 

The power which sets these currents in motion is 
nature's mainspring — the sun. An enormous body of 
air lying over the surface in equatorial regions, being 
heated and rarefied by the sun, is forced to ascend by 
the pressure of the adjacent heavier air brought from 
north and south by the Trade-winds, and this loss is 
supplied by air from higher and higher latitudes, until 
at last the poles themselves are reached. But no sooner 
has a current been established from the poles, than 
equivalent currents begin to be drawn in from circura- 
polar r^ons to supply the void, and this suction, aiSing 
backwards through lower and lower latitudes, at length 
arrives at the original fountain, or suiftion force, which 
was the heated air ascending from equatorial regions. 
Such, in general language, is the circuit of the wind 
upon the globe. 

It has been proved by many interesting observations 
that currents rising from the earth in warm regions some- 
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times take long courses through the air in a. dite(!Hon 

contrary to the wind prevailing below. Thus, in various 
parts of Europe bordering on the Mediterranean, red 
sand, called sirocco-dust, is occasionally deposited by 
the south wind. According to popular belief this dust 
comes from the interior deserts of Africa; but science, 
aided by the microscope, has proved that sometimes 
at least it has travelled from regions much more remote. 
A little of this red substance being submitted to Ehren- 
beig, he found that it clearly told its own history, being, 
as it were, labelled with the debris of infusorial animal- 
cules, whose home he knew was in the mud of the 
Amazon. It appears that in seasons of great drought 
the river-mud, charged with those minute remains, is 
reduced to so fine a powder that it is taken up by the 
heated air into the higher regions of the atmosphere. 
The current there joins company with winds bound for 
the north-east, and carries its freight some thousands 
of miles across the Atlantic. It next sweeps over the 
north-west quarter of Africa, and after traversing the 
Mediterranean deposits its load upon the adjacent 
landSi In this long journey its route has lain through 
the upper regions of the atmosphere, passing for a con- 
siderable part of the way over the Trade-wind which 
was blowing in exactly the contrary diretSion, 

Let us here briefly notice a few of the principal 
winds that prevail in different parts of the earth. In 
tropical countries lying near the ocean, the inhabitants 
would languish under the stifling air were they not 
regularly refreshed by the "sea and land breezes." 
In the West India Islands, more especially, these &n- 
nings of nature are described as delicious. Soon after 
the morning sun begins to glow upon the land, the air, 
heated as in a furnace, ascends in volumes, and its place 
is immediately supplied by the cool air that has been 
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resting all the night upon the neighbouring ocean. 
Hence the "sea-breeze." In the night-time, on the 
contrary, the temperature of the land from radiation 
falls in its turn below the temperature of the sea, and 
the. direction of the current is reversed. It is now the 
air over the ocean which is displaced, and the air on 
the land which rushes off seaward to supply the void. 
Hence the "land-breeze." In latitudes far beyond the 
tropics, as on our own coasts, a sea-breeze is often felt 
in hot weather towards the middle of the day. 

The path across the ocean is long and tedious. 
More than 4000 miles of water lie between the Cape 
de Verde Islands and Mexico; more than 8000 miles 
intervene between South America and Australia. Un- 
fortunate would it have been for commerce had there 
been no steadiness in the breezes of those regions— if 
there had been nothing for the sailor to reckon upon, 
and if every ship had to become the sport of ever chang- 
ing winds. Ocean voyages, instead of being performed 
with a regularity that astonishes, would have been in 
the highest degree uncertain. The Ruler of the winds 
has happily ordered it otherwise. Under the Equator 
there is a narrow belt of calms, broken by fitful storms 
of rain and thunder. But on both sides beyond, there 
is a broad region reaching to about the 28th degree 
of latitude where the wind blows regularly all the year 
round. North of the Line, it comes from the north- 
east; south of the Line, from the south-east; and thus 
a favourable breeze is secured for ships sailing across 
the Atlantic or Pacific in a westerly direiSion. These 
are the famous winds called The Tmdes, in token of the 
benefits they bring to commerce; and so steadily do 
they blow, that the sails of a ship may sometimes be 
set *hen off the Cape de Verde Islands, without re- 
quiring to be shifted until the opposite shore of America 
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is in sight In the Indian ocean the Trades likewise 
prevail, but owing to the influence of the great Asian 
deserts elsewhere considered, the northern Trade is 
seasonally interrupted and changed into the Monsoon. 

As the Trades help ships across the ocean in one 
direiilion only, the question naturally occurs — How do 
they get back again? Immediately beyond the Trades 
there is providentially another region of ocean where the 
winds, though fer less regular, have yet a prevailing 
direction exaftly contrary to the Trades: — in the north- 
ern hemisphere, the set is from the south-west; in the 
southern, it is from the north-wesL PnnSically, therefore, 
in whatever direiftion a ship may be crossing the ocean, 
the skilful mariner knows that there are tracks in which 
propitious winds will for the most part be found. 

The cause of the Trade-winds has been thus explained. 
As the earth spins round in diurnal rotation, it is obvious 
that the land near the equator, being farthest from the 
axis of movement, must go faster than places situated 
either to the north or to the south. The former lies, as 
it were, on the rim of the wheel, while the latter are 
nearer the axle in proportion as they approach the poles. 
Hence, at the equator, the surface rotates with a velocity 
equal to i6 miles per minute; while in latitude 450, say 
at Bordeaux or Venice, the velocity does not exceed 11 
mites. Accordingly, as the aerial polar current, with the 
slower rotatory speed of higher latitudes impressed upon 
it, approaches the tropics, it is unable to keep pace with 
the increased rotatory movement of the surface, and it 
lags behind, or is " defle<5ted" in a direction which must 
necessarily be the opposite to that in which the earth is 
moving. Now the earth moves from west to east. The 
north polar current, therefore, gradually becomes con- 
verted into a north-east Trade, while the south polar 
current gradually changes into a south-east Trade. If 
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all parts of the earth moved wilh the same speed, oi if 
there were no rotatory movement at all, the polar currents 
would be due north and south, or at right angles to the 
equator; but the eastern impulse which they gradually 
acquire causes them to move in the diagonal between. 

The westerly winds prevailing beyond the Trades are 
due to causes just the reverse of those now mentioned, 
being produced by currents of air returning from the 
equator towards the poles. In commencing its journey 
the current had acquired, like the surface on which it 
rested, a velocity of i6 miles per minute in an easterly 
direction ; which merely means that its movement was in 
equilibrium with that of the earth itself. But when it 
reached a latitude, say as high as 45", it found itself in a 
part of the globe where, from the contra'Sion of the 
circle, the rotatory pace had been reduced to 11 miles 
per minute. Instead, therefore, of lag^ng behind, as in 
the case of the Trades, the tendency of the momentum 
it has acquired is to push it on towards the east more 
rapidly than the surface over which it passes. The 
result is a prevailing south-westerly wind. 

In thinking of the benefits derived from these winds, 
it is impossible not to admire the combination of won- 
derfiil adjustments by which they are brought about. 
The very same cosmical conditions which give us the 
useful Trades, are made hkewise by the All-wise Creator 
to produce the equally usefiil winds which blow in the 
opposite direction. The constitution of the atmosphere, 
the shape of the earth, the rapidity of its axial rotation, 
the effect of the sun's rays, are all regulated and fitted 
into each other in such a way as to secure for commerce 
■the advantage of these regional winds. 

Although the Trades blow with regularity nearly 
across the entire Atlantic, there is a strip extending 
about eighty miles off the coast of Africa where the 
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inSuence of the north-east Trade is scarcely perceived, 
forming a remarkable example of the effeifl of deserts in 
turning the winds out of what may be considered their 
natural course. At no great distance in the interior, the 
sands of Sahara are continually sending up vast streams 
of hot air into the higher regions of the atmosphere ; 
and hence the cooler air off the coast, instead of being 
left free to the influences which rule the Trades, is sucked 
away in the opposite direiftion — rushing to the east, and 
not to the west — in order to supply the want in the 
atmosphere of the desert It is, in reality, a perpetual 
sea-breeze on a large scale, neutralising and vanquishing 
the influences which create the Trade. It was, probably, 
this very breeze which, by preventing the Portuguese 
from exploring in a westerly direction, retarded the dis- 
covery of America, for, in pushing towards the south, they 
hugged the coast of Africa, venturing not outside this 
wind, and therefore they never got within range of the 
Trade. On the other hand, had there been no Trade, 
Columbus would never have discovered America. That 
daring explorer, instead of creeping along the coast kept 
well out to sea, and soon, therefore, fell in vrith the Trade, 
It blew so steadily and carried him so far and so swiftly 
to the westward that his crew began to fear it was a 
wind that would never change. The ceaseless breeze 
seemed hurrying them hopelessly on and on into that 
mysterious sea which tradition had crowded with super- 
stitious terrors. Fear, as usual, was fast loosening the 
bands of discipline, and mutiny was on the point of 
breaking out, when the sight of the eagerly desired land 
rescued Columbus from his difliculty, and placed a new 
world in the hitherto unknown void. 

The Monsoons of the Indian ocean are likewise 
great ^ds to commerce, and both on this account and 
for other important reasons are charged with blessings to 
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man. They may be described generally as blowing six 
months in one dire<5tion and six months in another, but 
there is a longer or shorter interval of variable winds and 
storms interposed between them. From April to Oflober 
the south-west Monsoon prevails, and ships sailing 
northwards from the Cape find about the latitude of 12 
deg. south a wind which wafts them towards the southern 
shores of Asia. From Oiftober to April the north-east 
Monsoon has its turn, and speeds the homeward-bound 
merchantmen across the Indian ocean on their way to 
England. The south-west Monsoon is due to the same 
cause which has been pointed out as interrupting the 
continuity of the Trades off the coast of Africa — the 
influence of the desert. In the present instance, the 
work of the Sahara is done by the deserts lying in 
Central Asia, beyond the Himalayas; and the wind while 
being drawn in towards them, showers down in profusion 
over the parched plains of Hindostan the refreshing water 
it has gathered up from the Indian ocean. Some 
additional observations on these winds will be found in 
the Chapter which treats of " Showers and Dew. " 

The hot sand of the Asian desert during the summer 
half-year originates the south-west Monsoon, but it has no 
corresponding aiSion in causing the north-east Monsoon, 
In winter the sand of the desert partakes of the surround- 
ing comparatively cold temperature, and exerts no special 
influence on the direflion of the wind. The north-east 
Monsoon in the Indian ocean is, therefore, merely the 
resumption by the air of tliat course which it would have 
taken in summer also but for the disturbing attra(5tion of 
the desert It is in reality the north-east Trade, similar to 
that which prevails in tlie Atlantic and Pacific. But 
there are no extensive deserts situated in the southern 
division of the Indian ocean, and consequently the 
south-east Trade blows there with comparative regularity 
all the year round. 
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It is interesting to remark that the sandy deserts, 
which one might have been inclined to consider as mere 
incumbrances on the earth, are thus of high importance. 
They may, indeed, be regarded as vast su6tion-pumps, 
providentially placed at certain stations on the earth, to 
create useful winds and help on the transport of moisture 
to lands that are in want of it. But for the Thibetian 
deserts there would have been no south-west Monsoon; 
and, without the Monsoon, the fertile plains of Hindostan 
would have been a waste of sand. 

It is often observed that storms are followed by 
a sensible improvement in the air and by a feeling of 
increased comfort; hence it may be inferred that they 
are sent to cure something going wrong in nature's 
household. We know that the storm frequently checks 
the pestilence when human skill fails. On the banks of 
the La Plata, in South America, there is a wind which 
comes, charged with the germs of intermittent fever, 
from the marshes lying to the north. The wretched 
inhabitants droop and sicken and shiver into their 
graves. Suddenly a hurricane sweeps across the pampas 
from the cold summits of the Andes in the south west, 
and in a few days the seeds of the disease are roughly 
yet etfetflually expelled by its searching force. Cholera 
epidemics in this country have usually been attended with 
great stillness in the atmosphere, by which the operation 
of causes tending to concentrate the poison was no doubt 
favoured. Therefore, when we hear the stormy wind 
howling round our houses, or sweeping through courts 
and closes, let us think of it as one of Nature's most 
efficient sanitary agents, by which she renovates the air 
tainted through stagnation, and destroys the seeds of the 
pestilence that were growing up for our destruiflion. 
He bringeth tlie wind out of His treasures. Pa. cxixv. 
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ye Fire and Heat, bUss ye the Lord: praise Him, 
and magnify Him for ever. 

1EAT is truly an universal "Power of the Lord," 
and enters essentially into all the grand opera- 
tions of nature. It is the force of forces, the 
mainspring of movement, and nothing lies beyond its 
action. How busily it is ever at work among the 
leading physical features invoked in the Hymn! It 
streams from sun and stars, and rules among the planets. 
Winter and Summer, Climate, Winds, Showers and Dew, 
Ice and Snow, Cloud and Seas, exist only through its 
operation; the Green Things upon the earth, Cattle, the 
Fowls of the air and all that move in the waters depend 
on it for life. Under its agency the earth itself has 
been compounded and shaped. In the affairs of daily 
life Fire and Heat minister to our welfare, and without 
them the thousand needful processes of home would be 
brought to a standstill. Of Fire steam is bom — a power 
we have subdued and trained to do our work, which 
fetches and carries, which lifts and lowers for us with more 
than a giant's strength, which feeds and clothes us, and 
wafb us for business or pleasure over land and sea. Fire 
wins our metals from the ore, and fashions them into 
a thousand shapes for our convenience. Heat is the 
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strongest of that band of nature's servants which work 
without ceasing for our happiness. 

The fuel which offers itself most obviously to the 
notice of man is wood; and, as it exists abundantly 
in most countries, it invariably happens that the faggot 
and the log precede the use of coal. That the employ- 
ment of wood should have continued so long in England 
is easy to understand when we consider the extent of 
her ancient forests. When Julius Csesar landed on 
these coasts the country was a vast wood, and a British 
town meant little more than a patch enclosed and 
cleared, with a few huts for men and sheds for cattle. 
But before a thousand years had passed the chanufler 
of the country had altogether clianged ; and the Con- 
queror in carving out his New Forest, so far from 
merely appropriating an unoccupied wood, pulled down 
thirty villages and churches, and dispeopled a wide, 
cultivated distriiS. It must be recolleifled, however, 
that this occurred near Winchester, the then capital of 
the kingdom, where the population was comparatively 
dense, and the proportion of arable land greatest Else- 
where forests abounded, and for centuries afterwards 
continued to abound all over England. Alas! where 
are her old forests now? Of the ninety that were 
flourishing in the last century barely half a dozen survive. 
Among these the Conqueror's forest, though shrunk from 
its old limits, still ranks first in extent, and affords some 
of the finest "rambling" ground in England. Nor let 
us be unthankful for Royal Windsor, where scenes of 
sylvan beauty may be found that are not surpassed on 
earth. Of the other forests some, we grieve to say, like 
glorious old Hainauit and Epping, are tfeing nibbled 
and pared out of existence before our eyes, and no voice 
is raised to save thein from ruin. Others, like Bere in 
Hampshire, have served their time, and are now falling 
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naturally before the plough in their old age, after cen- 
turies of usefulness. Soon they will exist only in song 
and story. 

It is a singular illustration of the slowness with which 
useful discoveries are made, even under favourable cir- 
cumstances, that thousands of years should have rolled 
over the world before the superiority of coal over wood 
as a heat-producer came to be generally recognised. The 
inferiority of the latter is chiefly due to the quantity of 
water it contains; for the water, in passing off in a state 
of vapour, absorbs much heat which would otherwise 
have been available. Hence, also, the advantage of 
keeping wood that is to be used for fuel until it becomes 
dry. As often happens in the case of other valuable dis- 
coveries, coal had for centuries to contend against the 
prejudices of numerous enemies, and many evil things were 
said about it In the 13th and 14th centuries it was the 
fashion to petition against it as a nuisance, just as we now 
do against noxious exhalations from manufatSories, So 
prejudicial to health were coals considered that they 
were not tolerated in London, or even in its vicinity, 
under the severest penalty, and a smith who used them 
in his forge instead of wood was in danger of being sent 
to prison. Not until towards the year 1400 did the use 
of coal become general in the metropoUs; but, even after 
that, wood continued to be the fuel of the country until 
the time of Charles I. 

Coal-mines are widely distributed over the earth, 
and our own islands, more especially, have been blessed 
with an abundance that calls for thankfulness. The 
aggregate extent of our coal-fields amounts to no less 
than five thousand four hundred square miles. Yet 
when we consider the enormous consumption and reck- 
less waste, it is no wonder that thoughtful minds should 
look forward with anxiety to the advent of a day when 
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OUT pits shall have become exhausted. That day may 
be distant; still it is confessedly not so very remote as 
to lie beyond the range of present interest 

Though coal is a true mineral, it is nevertheless alto- 
gether of vegetable origin. It has been deposited at 
various epochs of the earth's history, but more especially 
during that period, termed by geologists "carboniferous," 
which is illustrated on so vast a 'scale by the coal-fields 
of Great Britain. There is still much mystery about the 
way in which the coal was formed. It began, doubtless, 
in some process analogous to that by which peat is pro- 
duced in our bogs. Forests grew up, flourished, and 
fell down in countless generations, with a profusion 
favoured by a climate warmer and moister than that 
which now prevails in the same regions. Nor is geol(^ 
silent with respedt to the nature of those old-world forests. 
From the coal itself, but more especially from the layers of 
sand and mud, now hardened into stone, which underlie 
the coal and in which the coal-plants grew, a "flora" of 
more than 500 different species has been brought into 
light, and strange indeed must have been the aspei5l of 
those ancient forests when compared with what we see 
in OUT day. It was peculiarly an age of arborescent ferns. 
They, chiefly, filled the woods, and with them were asso- 
ciated gigantic equiseta or "horse-tails," monster reed- 
like plants or calamites, lofty lycopods or club-mosses, with 
pines resembling our firs and araucariae, and yews. So 
vivid, indeed, is the pi^ure of ancient vegetable life yielded 
by petrified relics preserved in contemporary rocks, that, 
by an easy effort of imagination, the swamps of the coal- 
age can be made again to flourish with forests in outlines 
which are probably not far from the truth. With these 
chief monarchs of the wood, whose appearance and texture 
can often be traced even to the most minute microscopic 
details, were doubtless associated a multitude of smaller 
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vegetations — analogous, at least, to our mosses— which 
filled up interspaces and matted the whole together. But 
of these more tender struiSures no traces remain, as they 
have altogether disappeared during the crushing, com- 
pression, and other changes to which the mass has been 
subjefled during its conversion into coal. 

The quantity of carbon anciently extrafted from the 
ail, fixed in the tissues of plants, and then gradually con- 
verted into coal, is enormous. The area of all the known 
coal-lields in the world is computed to be 220,000 square 
miles— more than the whole surface of France — which, 
allowing a moderate average thickness of 20 feet, would 
be equal to a solid cube nearly 10 miles in dimension. 
' As Professor Rogers observes, it would form "a square 
plateau 100 miles wide at the base, and more than 500 
feet in height" The proportion of our British lump of 
coal "would be a cube of a little more than three miles 
in diameter." 

Within the last century the consumption of coals 
has increased to an extent never dreamt of by our fore- 
fathers. In round numbers we are using up about 100 
millions of tons annually. Who can describe or even 
conceive the sum of enjoyment which is daily extra<5led 
from this huge, black heap? How many millions of 
hejutbs are made cheery by its glow, how many palaces 
and cottages are filled by it with comfort-bringing heat. 
What countless numbers of things of use or beauty are 
manufa<ftured by its aid for our enjoyment For how 
many mouths does it not prepare daily food. What 
great work is there which it does not help on ? From 
its dull looking fragments is distilled the gas which 
brightens up our houses and our streets. To coals we 
owe steam, and what is there in these days which we 
do not owe to steam? Steam gives us muscles stronger 
than iron, and yet finer in aflion than the most delicate 
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hand. With the tools which man's ingenuity has pro- 
vided, it labours incessantly without rest, and performs 
its task with a certainty and exa<Etness with which 
nothing human can compete. Be the work rough 01 
smooth, coarse or fine, steam adjusts itself to it with 
matchless skill. Steam wields the ponderous hammer 
as if it were no heavier than a feather, and can with 
equal ease crush an iron beam or crack a nut-shelL 
The amount of labour saved and the supplemental 
strength thus bestowed on man are enonnous. Give 
a good steam engine a bushel of coals, and it will lift 
a weight of 125 million lbs. one foot from the ground! 
Every three tons of coals are "the convertible equivalent 
of one man's life-long muscular aflivity." The 15 
millions of tons annually consumed in this country in 
the produiftion of mechanical force are equal to 20 mil- 
lions of horses, or to a band of 100 millions of men! 

Within the last few years the bounteous earth has 
yielded up to man another source of light and heat in 
Petroleum, which has already assumed high commercial 
importance. It was observed during the Burmese war 
that rock-oil was much used by the natives for ordinary 
illumination; and, when peace was concluded, it began 
to be imported into this country. It is now obtained 
in considerable quantities from other quarters also, 
especially from the distri<5ts on the lower Danube. But 
all these sources are thrown into the shade by the oil- 
wells of North America. In 1863 the quantity raised 
from the Pennsylvanian springs alone was 40 millions 
of gallons, while that from Canada amounted to 250,000 
gallons; and since then the produce has been steadily 
increasing. In this country, after purification, Petroleum 
is much used as oil for lamps; and paratRne or mineral- 
wax candles are also extensively manufadtured from it. 
Lai^e quantities of oil of an excellent quality are like- 
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wise obtJuned from the shale in contiguity with the coal 
measures, a substance which only a year or two ago was 
deemed refuse of no value. A single ton of the Tor- 
banehill mineral is capable of produdng 120 gallons 
of oil. Recent trials also indicate that Petroleum is 
well adapted as fuel for marine engines, as it produces 
a larger quantity of steam in proportion to its bulk than 
can be obtained from coal. 

How much it seems to be a matter of course w'len 
we see the fire burning brightly on a cold winter's night 
We enjoy the comfort it diffuses, but how rarely do we 
carry our thoughts a step beyond, or refleft upon the 
extraordinary nature of the blessing. In times unfathom- 
ably remote our Father anticipated our wants and pro- 
vided for them. Coal has been, so to speak, manufac- 
tured, and the first steps of its formation began when God 
caused the plants to grow which on dying became the 
bogs of ancient days. The raw material then went 
through other long processes. It was compressed and 
solidified by the aid of time, and chymical changes 
were slowly wrought in it And, lastly, the precious 
coal was stowed away carefiilly in the cellars of the 
earth, on purpose that we might one day be made warm 
and happy by the "Fire and Heat" which from the 
beginning of its creation it was designed to supply. 

In looking back at the history of fuel, the mind that 
loves to trace design in the ways of Providence cannot 
fail to be struck by the wise economy with which the 
treasures of the earth have been gradually unlocked, 
and one supply after another has been granted as the 
necessity for it arose. In the old days, when forests 
were everywhere and population was sparse, wood was 
the fuel invariably used. So long as manufadlures were 
in their infancy the primeval forest sufficed for all de- 
mands made on it But as time wore on population 
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multiplied, and it was necessary to strip the land of 
trees on purpose that it might be sown with com. 
Wood then became less abundant New sources of 
heat were, therefore, absolutely needed; so God taught 
man the use of coal, which had previously been deemed 
mere rubbish. Again, as oil from the old supplies be- 
came more scaJX^e, and the demand for street and 
house-lighting increased, the gas imprisoned in the 
coat was discovered, and our power of illumination was 
thereby almost indefinitely augmented. To economise 
nature's resources vegetable wax and various vegetable 
oils have also recently been much employed. Lastly 
Petroleum was discovered, and the oil fountains of the 
earth were made to flow for our use. There is still the 
probability that some of the metals may be made avail- 
able for illumination, and that before many years are 
over our means may be still further economised by B 
more frequent application of the eledlric light Have 
we now arrived, it may be asked, at the end of the long 
list of nature's resources, and are we to believe that 
when the last coal-pit has been worked out, and the 
last oil-spring emptied, we shall be left to perish with 
cold, or to live miserably, deprived of the comforts 
which for so many ages have been placed within our 
reach? With the firmest convidlion we repel such a 
thought It is utterly repugnant to our knowledge of 
the merciful ways of Providence. Our Father enriches 
but never impoverishes the earth, and the intelligence 
of His creatures is ever made the means by which His 
new gifts are pointed out to them. The essential con- 
stituents of ftiel are only two — carbon and hydrogen. 
To them wood, coal, and every other kind of fiiel owe 
their heating virtue. Now the world is literally packed 
with carbon and hydrogen, and it is not in the power 
of man to dissipate these elements of supply. Carbon 
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is the staple out of which animals and vegetables are 
built up, it is a constituent of many rocks, and it per- 
vades the air. Hydrogen is even more abundant It 
forms one ninth part by weight of every drop of water 
on the globe, and therefore it may be said that rivers 
and lakes and the ocean itself are really vast reservoirs 
of latent fire. Of the two constituents of water, one — 
oxygen — is an admirable promoter of combustion; and 
the other — hydrogen — bums, under ordinary circum- 
stances, with more heat than coal, while, by the skilful 
admixture of the two, a temperamre of the highest 
intensity is produced. We do not attempt in these 
conjeflural hints to indicate the way in which such 
materials will be made available, and the want of coal 
supplied, but only to point out that sources of "Fire 
and Heat" exist everywhere around us, and that, when 
need comes, God will inspire His children with wisdom 
to turn them to account In looking into the future, 
therefore, let us dismiss anxiety from our minds, in 
the firm conviction that nature's resources are bound- 
less, and that, if the world be still existent in those far 
off days, God will not forsake the race for whom His 
provideitce daily does so much. 

O put your trust In Him alway. — Ps. Ixii. 



.vGooglc 



i>^^m^}^^^-<^^t 



FHOST AND COLD.— ICE AND SNOW. 



O ye Frost and Cold, bless ye the Lord: praise Him, 

and magnify Him for ever. 
O ye Ice and Snow, bless ye the Lord: praise Him, 

and magnify Him for ever. 

^^SHROST and snow are so often associated in die 
K mnl mind with physical sufTering, or with bleak 
BsBB winter and inhospitable polar regions, that their 
services in nature's economy are apt to be overlooked. 
How different it is in the verses of the Benedicite, where 
they are dwelt upon almost with redundancy, as illustra- 
tions not only of Power but also of Goodness and 
Wisdom. The Three Children could not survey the 
river that washed the walls of Babylon without being 
reminded how much it owed to firost and snow. In the 
fierce Mesopotamian summer, when wells were drying up 
and the distri<El streams had ceased to flow, the Euphrates 
was still copiously fed from its snowy reservoirs on the 
Annenian mountains. And when the people, like nature 
all around, were drooping under the exhausting heat of 
the sun, the northern winds which braced their nerves 
with vigour gathered coolness from the same high source. 
It seems unnecessary to remind any of my readers 
that cold has no existence as a separate or independent 
principle, and that it merely implies in a general way the 
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lower ranges of temperature. The word, however, will 
frequently be found in the remarks that follow, both 
because it is a convenient term, familiarly used and well 
understood by all, and because it has been specially 
introduced into the Hymn. 

Snow has its well known aspedls of beauty. Where 
can the eye rest upon such an expanse of purest white as 
the unbroken sheet it lays upon the fields in winter, and 
how pidluresque the trees appear with the snow-fkkes 
clinging to their twigs and branches. Bathed in the 
light of the sun, the snow-wreath often throws back the 
colour in pale but beautiful refledlion. At sunrise and 
at sunset the snow-clad Alps glow in rose and gold. 
Sometimes the snow, especially in polar regions, is tinted 
red by myriads of minute algae which pass a frugal life 
upon its sterile surface, and the famous Crimson snow- 
cliffs of Baffin's Bay arrest the attention of the passing 
navigator at a distance of ten miles from the shore. The 
beauty of snow is of that true kind that bears inspection. 
A few grains taken from the heap that gathers upon the 
window-sill will exhibit the prettiest crystals when looked 
at in the microscope 

Ice is even more beautiful than snow. Who has not 
stopped to admire the sunbeams playing with the icicles 
and winning glowing tints firom their coid surface, or the 
windows encrusted with their frosty featherings, or the 
trees decked stiffly in fleeting robes of crystal? Who has 
not peered curiously at the stones and plants lying 
beneath the clear sheet of glass with which ice wraps up 
the brook in winter. Sometimes it is gemmed with air, 
as if the water had suddenly stiffened before the lingering 
air-bells could escape^ sometimes the tiny globules are 
50 crowded together as to make the ice look white like 
hardened snow. But it is in glaciers, more especially, 
that the most beautiful tints are to be seen. Transmitted 
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light frequently imparts a greenish colour to their masses; 
at other times, they assume the milky dimness of the 
opaL Sometimes their huge fragments have been com- 
pared to blocks of beryl; more rarely their blue has the 
fine tint of aquamarine. Not unfrequently the ice arrays 
itself in all the colours of the rainbow. The play of the 
low, midnight sun on the glaciers of the coast of Green- 
land has been described as making " the ice around one 
great resplendency of gem-work, blazing carbuncle and 
rubies and molten gold." 

Ice water is purer than that procured from snow. 
The latter, besides the air mixed with it, usually con- 
tains some animal matter and other impurities gathered 
from the atmosphere. In freezing, water has a tend- 
ency to free itself from the foreign matters it contains; 
and advantage has been taken of this circumstance in 
arctic regions to procure drinkable water. M'CUntock 
found that in each successive freezing the ice became 
less salt; until, after the fourth time, ice was formed 
which on melting yielded fresh water. From the brine 
left behind salt was readily procured by evaporation. 

As there are "sweet uses in adversity," so does the 
pinching rigour of winter in northern climates enhance 
the enjo3anent of summer. Thankful thoi^hts should 
rise as we call to mind the wood and coal and springs of 
oil given to us as means by which cold may be mitigated 
or subdued. These, no doubt, are common-place subjedls 
and refle<flions; but life itself is spent among common- 
place things, and when we make them lead to thoi^hts 
that honour God, we elevate them above their common- 
ness, and invest them with the dignity which belongs to 
everything that aids in promoting His worship. Cold 
brings sleep to the vegetable world, and prepares it by a 
period of rest to burst forth with fresh vigour in the 
spring. Snow and frost aie valuable servants to the 
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husbandman. By expanding the moisture with which 
the hard clods are permeated frost crumbles them down, 
and renders stiff land friable, porous and mellow. Frost, 
likewise, rids the soil of some of its vermin life, which, 
but for this check, might increase to an extent that 
would seriously damage the crops. In winter it gives 
the soft, moist ground the necessary hardness to allow 
field operations to be earned on. Snow is even more 
useful. It covers up the tender plants as with a blanket, 
and preserves them against the effe<5ls of excessive cold. 
" He givelh snow like wool. " The blanket thus softly 
laid on is " a bad condu<flor, " neither allowing the heat 
which is in the earth to pass out, nor, if we may use the 
expression, the external cold to pass in. Observation 
shews that the inner surface of the snow seldom falls 
much below 33° Fahr., although the temperature of the 
sa outside may be many degrees under the freezing 
point; and it is found that the crops can stand this 
amount of cold without injury, so long as their covering 
prote(Ss them from the raking influence of the wind In 
climates where the winter's cold is longer and more 
intense than in our sea-girt island, the protedllng influence 
of snow is more conspicuously marked. Where it lies 
long and deep it opens out routes that were imprac- 
ticable in summer on account of their ruggedness, and 
prepares a smooth path for the sledge, or for the " lum< 
berer," over which the largest stems of the forest may be 
dragged with ease to the canal or river. 

In polar regions snow supplies the ever ready material 
out of which the Esquimaux construct their houses, and 
hardy explorers extemporise the huts in which they find 
shelter when absent from their ships on distant expe- 
ditions. Nor are the ships themselves considered " snug 
in winter-quarters" until their sides have been banked 
up in walls of snow, and the roof raised over the deck 
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has been thickly covered with it. Snow huts are warmer 
than might have been anticipated. If built on ice 
covering the sea, their temperature is sensibly affeifted 
by the heat of the unfrozen water below, which is said 
seldom to fall much under 40° Fahr. in any part of the 
ocean. Even where the external temperature has sunk 
to 200 or 300 below zero, sufficient warmth is produced 
in a snow hut by the huddling together of three or four 
persons within it. When Kane passed a cold arflic 
winter's night in the hut of "Mrs Eiderduck," beyond 
Smith's Sound, the temperature produced by its comple- 
ment of lodgers and two or three oil lamps reached 900 
Fahr.; so that he was compelled by the heat to follow 
the example of the rest of the party and partially to 
divest himself of his clothing. In latitude 79" north, 
Kane marked a temperature of 7S" below zero in the 
month of February. No fluid could resist it Even 
chloric ether became solid, and the air was pungent and 
acrid in respiration. 

How great soever may be the intensity of the cold 
which is naturally produced in high latitudes, it is mode- 
rate in comparison to that which can be obtained by 
artificial means. The principle of freezing mixtures 
depends on the fa6t that heat is absorbed and becomes 
"latent" whenever a solid passes into a liquid state, or 
when a liquid passes into vapour; and that cold is, 
therefore, produced in the medium from which that heat 
is withdrawn. This is easily illustrated by the cold 
which is excited when a Uttle eau de Cologne is placed 
on the forehead and allowed to evaporate. The intensity 
of the cold is in proportion to the rapidity with which 
the vaporisation is accomplished. Snow melts in tempera- 
tures above 32", and produces a certain amount of cold; 
but if we can, by mixing it with some solvent, make it 
melt faster, a greater d^ee of cold is the result Thus 
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a mixture of equal parts of snow and common salt brings 
down the temperature from 320 to zero, merely from the 
rapidity with which the salt causes snow to change from 
the solid to the liquid form. When, therefore, in winter 
the pathway is strewn with salt, the snow no doubt 
quickly disappears, but at the same time it produces an 
amount of cold which may be very dangerous to persons 
whose feet are exposed to its influence. 

The greatest artificial cold, however, is produced not 
by Uquefadlion but by evaporation. Alcohol, ether, and 
eau de Cologne evaporate quickly and cause cold; but 
there are substances which by skilful management can 
be made to evaporate much more rapidly, and, therefore, 
to produce a much greater amount of cold. There are 
many substances, of which carbonic acid is an example, 
which in their natural state exist as gases, but .which, 
by a combination of pressure to "squeeze out," as 
it were, their component heat, and of a surrounding 
cold mixture to absorb this heat the instant it is 
developed, may be made to assume a liquid or even a 
solid state. And subsequently, when these agencies are 
removed, the soUd or the liquid evaporates, or resumes its 
natural condition of a gas with almost explosive rapidity, 
producing, by its inordinate absorption of heat, a most 
intense cold in things in contaft with it By employing 
a bath of solid carbonic acid and ether, Faraday pro- 
duced a cold equal to 1060 below zero in the open air, 
and 1660 in vacuo. But even this intense temperature 
has been left far behind by Natterer, who, by employ- 
ing in vacuo a mixture of protoxide of nitrogen and bi- 
sulphide of carbon, produced a cold equal to 320° below 
zero. 

It is scarcely necessary to remind the reader that heat, 
as a rule, causes bodies to expand. The iron rod which, 
when cold, just passes easily through a ring, can no longer 
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do so when it has been made hot, on account of the 
expansion it has undeigone. It is to make allowance for 
this swelling during the summer's heat that the ends of 
the iron rails "on the Hne" are not placed in aiftual con- 
taft, but have a little space left between them; and it is 
from the contraflion which the heated iron tire undergoes 
on cooling that it is made to clasp firmly round the 
wheel when water is dashed upon it On this principle 
the expansion or contradlion of bodies under the applica- 
tion of heat or "cold" is turned to account in many ope- 
rations. . But there is one substance — water — which has 
been made an exception to the general rule by the 
Creator, with a design so obviously beneficent that none 
can fail to appreciate it. Let us for a moment consider 
what would have happened if water had been subjedi, 
throughout all temperatures, to the regular law of con- 
traction on the application of cold. We will suppose it 
is winter, and that frost is keenly at work upon lake and 
river. As each layer of water on the surface cooled, it 
would contraifl, and by thus becoming denser it would 
sink to the bottom. Another layer of water would of 
course take its place upon the top, and, being cooled in 
its turn, would likewise sink. In this manner a continu- 
ous sinking of cold water to the bottom and a rising of 
warmer water to the surface would go on until, all the 
water having been cooled down to 32° Fahr., the whole 
mass would suddenly set into ice. Consider the evils 
that would arise over a large part of the world from such 
a physical arrangement. Breaking through the ice would 
lead to no unfrozen reservoir below. Spring, river, and 
lake would be equally involved when frost was intense 
and long continued. Animal and vegetable life existing 
within them would perish. The fishes would be caught 
in their swimming, and frozen as rigid as the walls of ice 
in which they were imprisoned. From surface to bottom 
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movement would cease, for the water would be changed 
into a solid block of crystal. 

After the frost had yielded and the genial sun once 
more shone forth, his brightest rays would have encoun- 
tered difficulty and delay in unsealing the solid mass of 
waters. A pool, no doubt, would speedily have formed 
upon the surface of the ice, but water, being a "bad 
conductor," would have adted as a screen to hinder the 
heat from passing more deeply. The temperature of the 
surface of the pool might even have been raised consider- 
ably without transmitting much heat to the ice underneath. 
We all know that when heat is appUed to water from 
below, as in a kettle, it is speedily "carried," not "con- 
dudled," to all parts by the currents immediately esta- 
blished. But if, on the other hand, the heat be applied at 
the top, no downward currents are formed, and it must 
be slowly propagated by "condudlion," as in a solid body. 
To exhibit the bad conducing power of water. Count 
Rumford fixed some ice at the bottom of a tall glass jar 
which he filled with cold water, and then applied heat 
round it near the top. In a short time the fluid at the 
upper part of the jar was found to be boiling briskly, 
while the ice at the bottom remained almost unaSefted. 
Now if we imagine the ice in this experiment to be the 
ice at the bottom of a lake, and the heat artificially 
applied above to be the warmth imparted to the water by 
the sun's rays and the adjacent air, we may form some 
idea of the difficulty with which the mass of ice accumu- 
lated at the bottom of the river or lake would have 
been dissolved. 

But the disorder in nature's economy and the destmc- 
tion of life which would arise under these circumstances 
have been foreseen and obviated by a very simple and 
perfect arrangement Providence has willed that the 
densest point of water shall be about 40° I'.ohrcnheit, lii 
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cooling down to the temperature of 400, therefore, water 
follows the usual law and conCradts. But when cooled 
beyond this point, instead of contra^ing, it expands and 
becomes lighter and lighter. Therefore, as each successive 
layer on the surface attains a temperature of 40°, it 
naturally sinks to the bottom, where it remains, without 
rising to the surface again to undergo further cooling. After 
the whole mass of the water has attained this temperature, 
subsequent cooling makes it lighter, so that the coldest 
layer floats at the top until it freezes. The result is a 
sheet of ice on the surface with a temperature not higher 
than 32° Fahrenheit; while there is a large, free body of 
water underneath with a temperature of about 40=. In 
this temperate region the fishes swim about, and with 
Other creatures find a safe and genia! refuge. 

The beautiful perfedtion of this arrangement is com- 
pleted by another law which now comes into play. Ice, 
like water, is a bad conductor of heat, and, therefore, of 
cold. Consequently, when a sheet of ice has once formed on 
the surface, it a6ls as a barrier to fence off the warm water 
below from the outside rigour of the air. In winter it is 
as truly a blanket to the water as snow is a blanket to 
the ground, or as a great-coat is to us ; and as its thick- 
ness increases, its efficiency augments in proportion. It 
is for this reason that the sea, even in the most rigorous 
polar climates, never freezes beyond the thickness of a 
few feet The temperature of the air outside may be 
50° or more below zero, but the "slow conducing" 
power of the ice blanket defends the sea underneath 
against this climatic rigour. It may be here remarked 
that sea-water does not exaflly follow the same law in 
cooling as fresh-water. According to Despretz, it freezes 
at a temperature of nearly 27^ degrees Fahr,, while its 
density increases regularly up to that point 

The work of "Fiost and Cold" assumes its grandest 



Ice and Snow. 177 

fonns amid the mighty glaciers — those "silent catarafts" 
which force their way through the highest Alpine valleys 
in rivers of solid crystal. No pi6lure or description can 
excite such emotions as stir the mind of him who, stand- 
ing for the first time on the glacier's brink, thoughtfully 
surveys its rugged desolation, and in the midst of summer 
feels its icy breath creeping over him. The giant crystals 
of creation are before him — a strange, unearthly sea, with 
fantastic, foamy waves stiiFened into stone, with domes 
and pinnacles and endless fanciful resemblances of com- 
mon things, with chasms which the eye cannot fathom, 
with caverns out of whose darkness mysterious streams 
steal forth into the light What power is here sealed up ! 
Loosen but for a moment the fetters that hold this pile 
of waters tc^ether.and tryto imagine the force with which 
the valley below with its green fields and smiling villages 
would be overwhelmed. What an emblem of desolation ! 
Life hurries across, but neither hngers nor lives upon it 
The sounds that break upon the ear are ail its own. The 
trickle of dropping water — so clear and distin6l amid the 
stillness, the click of the unseen atom of ice falling down 
from ledge to ledge in some neighbouring crevasse, the 
sharp crack of some new fissure, and from time to time 
the thunder of the distant avalanche. The silence that 
reigns between these sounds is so profound as to be 
almost oppressive. 

Glaciers are formed in the highest valleys of the 
Alps out of the snow precipitated direftly from the 
atmosphere and the avalanches which every now and 
then crash down the mountain's side. In summer the 
sun partially dissolves the surface, and the water in- 
percolating through the mass fills up the interstices .■" 
with ice. The enormous pressure to which the glacier 
is subsequently exposed as its bulk increases, has a still 
more powerful etfefl in condensing and welding it into 
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compaifl, slightly plastic ice. No sooner is the glacier 
formed than it begins to glide downwards through the 
valley, receiving many contributions by the way. The 
motion of glaciers was long a disputed point, but it has 
been fully established by a very interesting series of 
observations. In 1836 a Chamounix guide fell into a 
crevasse in the glacier of Tel^frd, a feeder of the Mer 
de Glace, but contrived to escape, leaving his knapsack 
behind him. In 1846 the identical knapsack was yield- 
ed up by the glacier 4,300 feet below the place where 
it was lost In ascending to the summit of Mont Blanc 
in 1830, three guides lost their lives by an avalanche 
which buried them beyond recovery in the glacier below. 
Forty years passed by, and then some relics of their 
bodies came to light on the Glacier des Bossons, far 
below the point where the accident had occurred. During 
1863 and 1864 various other fragments were recovered ; 
and in 1864 — that is, 44 years after the accident — there 
was found, projeiSing from a large hummock of ice, "an 
entire leg from the knee downwards, in a state of per- 
feft preservation, with the nails on the toes as perieiSt 
as those of the living." From certain marks it was 
recognised as having belonged to one of the lost guides. 
Many other relics have since been obtained, and it 
would appear from a carefully kept register that only 
one leg and two hands are now missing. From the above 
and other evidence there can be no doubt as to the 
motion of those enormous masses of ice. The force 
tliat pushes them onwards is chiefly the weight of the 
accumulation behind. The rate of travelling varies 
• according to the steepness of the valley through which 
they slide, and the rocky obstacles that oppose descent, 
but it is computed to be from a few inches to two or 
Uuee feet daily. The rising and sinking, the rending 
and Assuring of the glacier give to the surface its tern.- 
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pest-tost appearance. Under favourable circuiAstaHCes it 
may be pushed onwards into the plain or cultivated valley, 
where its rugged, desolate masses stand out in strange 
contrast to the bright corn-fields or flowery meadows 
upon which it has intruded. At the point where the 
melting power of the sun balances the supply of ice 
coming from above, the glacier of course ceases to ad- 
vance. Round its termination is found the "moraine," 
or mound of Tubbish formed of fragments of rocks, with 
sand and mud, which have either fallen upon the glacier 
or been scraped off from the. sides of the valley in its 
downward progress. As the ice melts they are naturally 
deposited 00 the ground. These moraines are very 
charafteristic, and can be easily recognised even in 
places from which the glaciers themselves have long 
since disappeared. Glaciers often leave behind them 
other marks by which their former presence may be 
inferred. Thus, the ice by its enormous pressure some- 
times scrapes the rocks forming their bed, until the 
surface is smoothly polished, or grooved and fluted. 
The markings are .of course parallel to the direiflion 
in which the glacier moved, and they are of so peculiar 
a character that geologists can still recognise them in 
many countries — as in England 'aSid-'S<;otl&nd— where 
glaciers are no longer to be seen. These appearances 
reveal a period when the condition of Europe was much 
colder than at present. The Jura mountains, for ex- 
ample, are labelled all over with fnoraineB and markings. 
The glaciers are gone, but the "boulders" or fragments 
of rock they transported are left behfiid, and when these 
are examined they are found to be strangers tto the rocks 
around, and pointing by their struilure to the distant 
Mont Blanc, or Monte Rosk,' 6r the Alps'trf Schwytz 
or the Oberland, as the home from which they drigfnally 
came. Fra<ai}red roughly off from the parenr mountains 
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some of the rocky fragments were ground into mud, 
otheis were rounded and polished into ordinaty boulders, 
while a few were occasionally deposited with but little 
injury in the amAised heap of the moraine bed. 

By the transporting power of ice the whole of the 
vast plain of northern Germany, Poland, and Russia 
have been strewn with boulders brought from Scandi- 
navian and other distant mountains. As a specimen 
we might refer to the magnificent tazza of granite, which 
h«s been carved out of one of them and placed in front 
of fte Museum at Berlin. The mountains of Scotland, 
Cumberland, and Wales abound with old glacier mark- 
ings, and the plains of our island are strewn with 
fragments of foreign rocks which were probably ice- 
transported. It awakens curious thoughts to stand on 
the top of Snowdon, and in imagination look back to 
the time when it was a Webh Mont Blanc, piercing 
through its Mer de Glace, and launching from its sides 
no fewer than seven huge "catara<Ss of ice" to fill the 
neighbouring valleys where Llanberis, Bettws Gannon, 
and Beddgelert now bloom in beauty. 

The icebergs of the ocean are mountains 6f fresh 
water sent partly to compensate for the evaporation 
going on in southern seas, and to temper the heat of 
southern latitudes. The "cold," if such an expression 
may be used, is locked up in them as they are formed 
in polar regions, £md it is given out during the process 
of melting. Stated more corre<Sly, melring produces 
cold by absorbing the surrounding heat as the ice is 
passing into the state of water. In the district of the 
Gulf-stream the cold of the iceberg is sometimes per- 
ceived at a distance of 40 miles, and the temperature 
which a few miles off may be 60°, (alls to 43" or even 
lower in the immediate vicinity. Some idea of their 
size naay be formed from the fadl that they are occasion- 
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3]|y two miles in circiunference, with a height of soo 
feet; fuid it must be borne in nund that only oa«4eventh 
part of the whole maaa ai^>eaT9 above the wat«r. Fany 
estimated that a nngle iceberg which he saw aground 
in 6 1 fathoms must have contained i billion 292 million 
tons weight of water. Sometimes the ocean is studded 
with them. On one occasion Scoresby counted a fleet 
of 500 icebergs sailing majestically towards the south. 
Fearful collisions now and then occur between them, and 
pieces of wood have been ignited by the violent com- 
pression of the blow. Icebergs cany a freight of rocks 
and rubbish, estimated by Scoresby to be in many in- 
stances not less than 50,000 tons in weight, which is 
ultimately deposited over the bed of the Adantic, to the 
south of Newfoundland. These moving mountains of 
ice are bom in remote polar regions, being the ofl^hoots 
of the glaciers which there cover up so much of the 
soil The whole interior of Greenland is filled by a 
Mer de Glace, which in its enormous proportions dwarfs 
every other sea of ice that has been discovered. It is 
estimated to have a length of 1200 miles, while some 
of the glacier-spurs proceeding irom its flanks down the 
valleys into the sea have a breadth of 60 miles. Of 
this stupendous ice-mass it has been finely said that it 
"seems to remind one at once of time and of eternity — 
of time, since we see portions of it break off to drift 
and melt away; and of eternity, since no change ts p«- 
ceptible in its appearance from age to age." 



For God is the King of all Ike earth ; sing ye pruin with under- 
itaading. Ps. xlvii. 
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POWERS OF THE LORD. 



9II ye. Powers of the Lord, bless ye the Lord: praise 
Him, and magn^y Him for ever. 



1 HITHER can we go from Thy presence," or 
where can we cast our eyes without perceiving 
that we are surrounded by the Powers of the 
lrf)rd? Above, below, around — in the air, In the water, 
oh the. earth and under the earth they reign supreme, 
revealing themselves at every turn in the mighty language 
of physical, chymical and vital force, bringing home to 
our minds at every instant our dependence upon Him, 
and filling us with thoughts of thankful adoration. 

The Powers of the Lord shine forth in the Heavens — 
in sun, moon and stars — with a grandeur which we 
caiv^Ot fully comprehend, but which nevertheless elevates 
our nature in the mere effort to grasp it The sun 
proclaims itself the pivot of the solar system, sustaining 
and preserving by the power of gravity the planets that 
circle round it On earth the operation of the same 
power of the Lordis no less necessary and universal. 
By solai gravity all things are attracted towards the 
centre of the sun, while by terrestrial gravity everything 
beloi^ng to our globe is drawn towards the centre of 
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the earth. Terrestrial gravity, therefore, counterai5ls 
the centrifugal tendency of objefts resulting from the 
earth's rotation, and keeps them fixed upon its surface 
with a force of which the amount is termed their weight 
Let us refledl how universally useful this power is. 
It holds everything in its place. It keeps one stone 
pressed down upon another, and thus makes building 
praiiticable. Bodies that have little gravity, or that are 
light, possess little stability and are readily tossed hither 
and thither. Our bones and muscles, and the strength 
of plants and all other terrestrial materials are adjusted 
to the strain which gravity makes upon them. By the 
steady permanence of its laws the ship floats safely upon 
the water, and the balloon soars safely into the air. It 
is gravity which enables us to balance ourselves in walk- 
ing, running or riding. By the adjustment of their gravity 
to the medium in which they are placed birds fly and 
fishes swim. In short there is no limit to the conveniences 
and benefits we derive from this " Power of the Lord." 

Another Power essential to our well-being is Friiftion, 
which, in conjun<ftion with gravity, regulates physical 
movement. It is the force that opposes displacement, 
which keeps things steady, and finally brings them, if in 
motion, to a state of rest. With every kind of movement 
some friiftional opposition will always be found at work 
tending to stop its continuance. It may be the rough 
surface of the ground, or the comparatively unresisting 
water, or the still more yielding air, but each with 
varying degrees of fri<5tional energy ultimately subdues 
the moving force, and sets the body at rest. Many are 
the attempts ingenious man has made to overcome this 
difhculty, but the search after "perpetual motion" is 
ever baffled by omnipresent friction, and the greatest 
success is measured only by the gain implied in substi- 
tuting a firidlion that is less for one that was more. 
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Thus we oil axles and hinges, to diminish the rubbing 
opposition. Thus wheels were invented to escape in 
some d^ee from friction by rolling over the rough 
ground instead of scraping across it. So, also, by 
gradual improvement rude tracks were changed into 
smooth, macadamised roads, and these last in their turn 
are yielding to the even rail Every new success has 
been merely the lessening of friiSion. 

In these and in many other ways fritlion may be 
said to create difficulties which man's ingenuity partially 
enables him to overcome, but let us for a moment try to 
realise what would have happened if there had been no 
such Power in existence. When a surface offers Uttle 
Mdtion we call it slippery; and ice, though offering 
resistance sufBcient to bring a skater or a stone gradually 
to rest, is yet remarkable for the comparative absence 
of friiftion. What occurs? In venturing upon it most 
persons find their movements difficult to control even 
when the surface is level, but they find it impossible to 
regulate them at all when ice is upon the slope. Now 
if there were no such thing as friftion, land would be 
as slippery as ice. Without mechanical support it would 
be impossible to ascend a hilL Horses could not keep 
their feet against a strain ; everything we handled would 
slip through our fingers with eel-iike glibness. Quiescence 
and steadiness would be banished from the world, and 
obje6ls once set in motion would go on without stopping 
until brought up by some equal opposing force. .Thus it 
may be perceived that the friiSion of matter steadies and 
assists us in almost every a^ we perform; and, without 
its aid, the innumerable combined movements of every 
day life would be impossible. "Without this property," 
says Dr Whewell, " apartments, if they kept their shape, 
would exhibit to us articles of furniture and of all other 
kinds sliding and creeping from side to side at every 
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push and at every wind, like loose obje<^s in a ship's 
cabin, when she is changing her course in a gaJe." 

In sauntering among the scenes of this solid-looking 
world, how few there are who ever bestow a thought 
upon the Powers enchained within it Yet our daily life 
is spent over an abyss, and a mere thin shell is all that is 
interposed between us and destniiaion. As the crust of 
the earth is pierced the temperature is found to increase 
about a hundred degrees for every mile of depth; and 
consequently, if this ratio be maintained, thirty or forty 
miles beneath our feet there is a heat so intense that all 
substances with which we are acquainted must exist 
in a state of fusion. Great though this depth may 
at first sight appear, it is only a hundredth part of the 
space interposed between us and the earth's centre; and, 
if we were to imagine the globe represented by an e^, 
the shell would be comparatively much thicker than the 
thin layer which forms the earth's crust. Far down in 
"the mysterious caverns of this crust, the molten rocks, 
the incandescent vapours, and bursting gases, are ever 
battling together and struggling with inconceivable force 
to rend their prison walls. Sometimes we hear with awe 
the distant thunder of the confli<5t, and sometimes the 
foundations of the earth itself tremble or are torn asunder. 
Those are the regions where fierce chaos is mercifully 
held down by the weights which God has heaped upon it ; 
but, be it remembered, the Power is there, and is ready, 
if the word be spoken, to burst forth and in an instant 
drown this fair world in waves of molten fire, and bum it 
into ruin. In this internal crucible were compounded in 
olden time the granites, the porphyries, and the basalts 
which, after forcing their way through overlying strata, 
consolidated themselves, lava-like, into rocks and moun- 
tains. The convulsions of the young world must have 
been truly awful, for in every country the rocks to this 
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day bear testimony to the violence they then sustained. 
Many strata have been started from the bed on which 
they were gently and evenly deposited as a sediment, 
and have been cracked, splintered, or tilted over in all 
diret^ions. Sometimes the fiery giant, unalsle to burst 
completely through, has lifted the strata over him until 
they rose into ridges, or, by causing partial upheavals 
and subsidences, has produced those dislocations or 
"faults" which are now so perplexing to the miner. Nor 
are the chyraical marks of the heat less evident than 
those of the violence which attended it Sometimes the 
soft sandstone touching the fiery stream has been fused 
into quartz, or indurated into a flinty hardness which 
shades off into the natural texture of the rock as it 
recedes from the point of contaft. Occasionally the 
glowing stream baked the contiguous clay into coarse 
porcelain. The chalk and the limestone, instead of 
being changed into quicklime, as would have happened 
had they been calcined in the open air, have been fused 
into crystalline marble, such as is quarried at Carrara, 
from their having been heated under the pressure of 
superjacent strata. Owing to the same cause shales are 
found occasionally converted into hard, porcellaneous 
jasper, while seams of coal are coked or charred from 
their proximity to the igneous rock. 

Although internal igneous a<flion is happily now 
restrained within more moderate bounds, yet have we 
sure proof in the volcano and earthquake that subter- 
ranean fires do still possess much of their ancient fury. 
At never distant intervals Vesuvius, Etna, and Hecla 
heave up their lavas from depths that lie beyond our 
power to explore, and during the spring of 1866, a 
volcano burst forth in the harbour of Santorin. The 
great centres of igneous action, however, are now to be 
found on the Andean side of South and Central America, 
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in the Indian archipelago, and in some islands of the 
Pacific lying nearest to those centres. There are certain 
parts of Chili where no month passes without its earth- 
quake. In April, 1868, the great volcano of the Sandwich 
Islands, Mauna Loa, burst through the walls of its huge 
crater, and poured forth a river of lava which in con- . 
solidating formed an island in the adjacent sea. In the 
course of a few days, 300 earthquakes were felt, and, in 
the words of an eye-witness, " for six hours the vibrations 
of our house never ceased. The whole island seemed 
like a great ship loosed from her moorings, reeling to 
and fro, rising and falling, shaking terrifically, as if she 
were going to pieces." 

Sometimes the internal force, instead of assuming 
the fitful violence of the volcano or earthquake, operates 
with measured regularity, so that the surface of the land 
is slowly upheaved in some places and lowered in others. 
In all such cases the only trustworthy standard of 
measurement is the sea, which, in regard to permanent 
level, is far more stable than die land. The more this 
subjefl is inquired into, the more common are such 
movements proved to be; and it is, perhaps, not too 
much to say that there are few regions in the world which 
are absolutely stationary. The southern shores of the 
Firth of Forth are rising at a rate which allows a sensible 
difference in their shape to be noted in the course of a 
sin^e generation, Sweden is rising, while, on the other 
hand, Greenland is slowly sinking. On the shores of 
the Bay of Baise the columns of the ruined temple 
of Jupiter Serapis are seen oddly planted in the sea. 
The base is covered with the water. They were origin- 
aUy built on dry ground; then they were gradually 
lowered so as to dip into the sea; after the volcanic 
turmoil of 1538, they were again elevated out of it In 
jSig the floor was si)f inches above the sea-level; in 1845 
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it was eighteen inches below it at low water. And it 
still continues to subside, in consequence probably of the 
shrinking of the strata beneath from loss of heat 

The connexion between volcanoes, earthquakes, and 
the upheaval or subsidence of traifls of land is most 
clearly exhibited in those countries where the evidence 
of the a£lion of subtenanean fire is displayed with great- 
est intensity. Along the line of the Andes, more par- 
ticularly, these phenomena go hand in hand ti^ether. 
On the 2oth February, 1835, an earthquake occurred at 
Concepcion. The city itself was shaken into ruins, 
together with 70 neighbouring villages. On the same 
day the island of Juan Fernandez, 360 miles north-west of 
Concepcion, was violently shaken by an earthquake, and 
"a volcano burst out under the water close to the shore." 
Moreover, in the Andes behind Chiloe, 340 miles south 
of Concepdon, two volcanoes suddenly broke at the same 
instant into violent action. Thus the subterranean strug- 
gle raged along a line of at least five hundred miles, at 
either end of which its violence culminated in volcanoes. 
Over large distrifls where the imprisoning walls of rock 
were not absolutely broken through, they were yet lifted 
up by the expansive efforts of the subterranean fire above 
their former level, as if upon the back of some m^hty 
monster. The amount of elevation of the shore round 
the bay was three feet, and at the island of S. Maria, 
30 miles off, Captain Fitzroy subsequently found beds 
of putrid mussel shells still adhering to the rocks at a 
height of lo feet above high water mark. "For these 
very shells," says Darwin, "the inhabitants had been 
previously in the habit of diving at low water spring 
tides," In many places the hills in that volcanic country 
are strewn with sea shells to a height of a thousand 
feet, a circumstance probably due to the upheavals to 
which the coast has at various times been subjeih 
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Even in our own quiet islands we are every now and 
then reminded that they by no means lie beyond the 
reach of those fearful "Powers of the Lord." On two 
occasions recently shocks of earthquakes have been felt 
in England, and almost every year it happens that vol- 
canic disturbance in the south of Europe causes responsive 
throbbings among the Perthshire hills. 

Chymical force is another "Power of the Lord" from 
which this verse of the Benedicite receives some of its 
most striking illustrations. Many of the greatest workings 
of nature are chymical processes. It is by virtue of this 
power that digestion and fermentation are accomplished, 
and that those preliminary steps are taken in the seed by 
which germination is promoted- To it we owe the tints 
of red and yellow which paint the leaves in autumn. By 
the aid of carbonic acid, abstrafted from air or soil, 
water carries off into the sea the lime which, after having 
been built into shells for living animals, is ultimately 
to be Idd down to form new strata. To the energy of 
chymical force we owe combustion, which by producing 
"Fire and heat" ministers in so many ways to our happi- 
ness. To man himself Providence has vouchsafed to 
impart some knowledge of this Power, which he wields 
to his infinite profit and advantage. But, in this vast 
domain of chymistry, when the known is contrasted with 
the unknown, man will for ages to come resemble the 
little child wandering on the sea-shore and "picking up 
now and then a pretty pebble, while the great ocean 
of truth lies undiscovered before it" 

It has been finely observed that chymistry confers 
a kind of creative power upon man, by which he pro- 
duces many substances which have no independent 
existence, and decrees at will unions and separations 
among the passive elements around him. There is 
scarcely a domestic operation or a manufa^uie in which 
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the services of chymistiy are not turned to account 
Nearly all the metals, for example, are presented to us 
by nature in a crude state, and the power through whose 
instrumentality they are obtained in purity is chymical 
aiftion. Many of the most useful substances we employ 
in daily life are the produfls of the same force — set in 
motion and guided by our akili To chymistry we are 
indebted for the perfeftion of our sugars, soaps, candles, 
leathers, dyes, .medicines, paper and glass; and the list 
might be extended so as to include nearly every manu- 
faiSured article. 

Chymistry is the science of experimental surprises, 
and its transmutations, while they transcend imagination> 
afford evidence of the wonderful power of which they are 
the effe<5ts. Thus, the most inert substances often pro- 
duce by combination a compound of the greatest energy. 
"Nitrogen and hydrogen," Brande and Taylor observe, 
"are two comparatively inert gases, while carbon is an 
innoxious solid. The combination of these three ele^ 
raents produces a highly poisonous liquid — Pnissic acid. 
Hydrogen has no smell, and sulphur only a slight smell 
on friction; when combined these bodies produce a most 
offensively smelling gas^sulphide of hydrogen. Carbon, 
oxygen, hydrogen, and nitrogen are innoxious agents, 
and have no taste, but when combined in certain pro- 
portions they form strychnia, remarkable for its intensely- 
bitter taste, and highly poisonous qualities." Sometimes 
the most worthless substances, under the magic touch of 
chymistry, cast off their commonness and become things 
of value and beauty. Who, for example, could have 
anticipated that matters so dull and common as sand 
and the ash of a wood fire should under certain circum- 
sunces unite to form bright, transparent glass? What 
feat can be conceived more wonderful than, from a sub- 
stance 50 dingy, dirty and unpromising as coal-tar, to 
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Create the beautiful series of aniline colours which we 
admire as mauve, Magenta, Solferino and Bleu de Paris. 
To such perfeiflion, indeed, has chymistry now earned this 
branch of manufacture that there is hardly any tint which 
may not be obtained from coal-tar by skilful treatment 
Chymistry is a wonderful economist of nature's means, 
and never shows itself to more advantage than when it 
takes in hand and turns to account the fragments thatwould 
otherwise be lost. As the highest praise that could be 
offered it may now almost literally be said that chymists 
have of late years banished such words as "rubbish" 
and "waste" from the manutaftory and the workshop, 

The vegetable kingdom, although it consist of a great 
variety of forms, tissues and products, is essentially built 
up out of a very few ultimate elements. Whole classes 
of produ<5ts consist merely of carbon and hydrogen; 
and, as a general rule, only three principal constituents 
are found in plants — carbon, hydrogen, and oxygen — to 
which a small quantity of nitrogen is sometimes added. 
Thus there is often a remarkable similarity, and some- 
times even an identity of composition, between substances 
in common use which differ widely in their properties. 
Sugar and gum, for instance, consist exactly of an equal 
number of atoms of the same elements — carbon, hydrogen, 
and oxygen ; while starch and cellulose, the base of wood, 
are most closely allied. Seeing, then, that many vegeta- 
ble substances are identical, or of nearly the same com- 
position, it scarcely appears surprising that chymistry 
should have already demonstrated the convertibility of 
some into others. Thus gum and starch are changed 
into sugar by the a<5tion of sulphuric acid. Much sugar 
is now manufactured in France from potato-starch and 
sago. Sugar ai^ed on by nitric acid is changed into 
oxahc acid, so is saw-dust when treated by potash. Th6 
common, woody fibre of plants, freed from impurity, is 
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convertible by sulphuric acid, first, into a substance like 
starch, and then into gum and sugar. Considering there- 
fore, on the one hand, the similarity of composition; and, 
on the other, the facility of transmutation in many cases; 
considering, too, that this implies the possibility of con- 
verting one vegetable substance that Is abundant but of 
comparatively little use, into another which might serve 
as nourishment, it is evident that there is here involved a 
principle which may yet prove to be of the highest 
importance to man. It seems no extravagance to believe 
that in the few fa6ts just mentioned there are resources 
indicated which may be largely drawn upon before the 
world has run its course. Chymical power is merely 
beginning to be developed in this direction, it can be 
exerted over a very few substances only, and the pro- 
cesses hitherto discovered are often imperfect and costly ; 
but the time may come when these will be cheaper, 
better understood, and applicable to a variety of common 
vegetable produdls. As Brande and Taylor observe, "there 
is scarcely a limit to the power of transforming one 
organic substance into another," Hence, perhaps, we 
may humbly yet confidently believe that if, from the 
enormous increase of the world's population, the neces- 
sity for augmenting the old sources of food-supply should 
ever become urgent, God will inspire his children with 
the means of unlocking those latent stores, and of turn- 
ing them to account ; for chymical force is eminently a 
Power of the Lord to whose conquests no limit can bs 



Having drawn some illustrations from the domain of 
physics and chymistry, we would now invite attention to 
some examples taken from that other field of nature, in 
which "vitality reveals itself as one of the great Powers 
of the Lord". 

In refleiaing on the grand operations of nature one 
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is often surprised to find that they are accomplished not 
only silently and invisibly, but by agents which at first 
sight seem strangely out of proportion to the magnitude 
of the task on hand. Thus at the very bottom of the 
animal kingdom there are workmen busily engaged day 
and night in the service of Providfence, in numbers 
which, like the stars, baffle computation. No one even 
dreamt of their existence until about 200 years ago, 
when Leeuwenhoek, a Dutch philosopher, discovered 
them with his newly invented microscope, and exhibited 
them to an astonished world. Yet in these animalcules 
— so minute as to be invisible to unaided vision — is to 
be recognised one of the "Powers of the Lord!" As 
we take our first glance at the little creatures careering 
over the field of the microscope, it seems as if a new 
world has been opened out to us; nor is the expression 
extravagant when we call to mind that this is a comer 
of nature into which few ever turn their eyes, and that 
the forms of life seen here are altogether unlike those 
with which we were previously familiar. Our first 
emotion is astonishment; our next, curiosity; and we 
wonder what purpose in the economy of nature can be 
served by creatures so small and insignificanL 

But before noticing their operations more fully, it 
is right that we should become better acquainted with 
the workmen themselves. If we desire to find them, 
it is more difficult to say where they are not than where 
they are. They abound in sea and river, pond and 
puddle. Wherever an organised atom can swim — and 
the minutest drop of water is an ocean to thousands- 
there they are often to be found. If a few blades of 
grass, or stalks of a bouquet be placed in a little water 
in a glass, infusorial animalcules will be found to swarm 
in it after a few days. A great observer in this depart- 
ment, Ehrenberg, tells us that, in a single drop he had 
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under examinalioD, there were probably no fewer than 
500 millions of indepcndeDt individuals! The spectacle 
of miniature bustle displayed by them surpasses im^- 
nation. The atoms dart forwards and backwards and 
sideways with most perfeift agility; some shiver or shake; 
others seem to spend their time in wheehng round and 
round hke dancing dervishes. Many shew a graver 
temperament, and stalk across the "field" in a style 
which by comparison we must call majestic. Yet, it 
will be observed that there is order in all these move- 
ments. Though "fidgetting about" in a way that realises 
the idea of perfe<5t restlessness, they seldom jostle each 
other; and they twist in and out, and avoid the rocks 
raised by minute particles of dust with the most dexter- 
ous precision. 

The shapes which Infusoria assume are endless. 
One of the simplest among them, the slow moving 
Amoeba diffluens, looks like an atom of transparent 
jelly, but it is so often changing its outline by contrac- 
tions and protrusions that, except when it is shrunk 
together into a roundish dot, it can scarcely be described 
as having one special form more than another. There 
is neither mouth nor stomach; but when a particle of 
food touches its sensitive surface, it is soon included 
or overlapped by a fold of the "diffluent" body, and 
in the hollow thus made the food is digested and dis- 
appears, just as if it were in a real stomach. Sometimes 
the creature thrusts the particle into the yielding sub- 
stance of the body, like a pea into a lump of paste, and 
itjs then made to move slowly through the body by 
forcible contraiSions until it is finally, absorbed as 
nourishment. Another animalcule, Aiflinophrys sol, has 
flexible tentacles, like rootlets, streaming from its round 
body in a way which, as the name implies, reminds one 
of the rays of the sun in a piflure. With these he seizes 
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his prey and slowly thrusts it against some part of his 
surface which, by first yielding and then closing over it, 
improvises a stomach for the occasion. After the nour- 
ishment is extra6ted the refuse is thrown out, and the 
httle glutton again stretches out his arms in search of 
food. These infiisorial animalcules are for the most 
part very voracious, and sometimes gorge themselves 
until from distortion they can scarcely be recognised. 
Who can set bounds to nature's fertility in expedients? 
In the higher classes of animals we are accustomed to 
see certain parts of the body "specialised" into parti- 
cular organs, whose funflions are limited to one parti- 
cular purpose; but on the lower steps of the ladder we 
see many purposes accomplished by one single means. 
Thus a little dot of hving jelly moves without muscles, 
enjoys the light of the sun and sees without eyes, feela 
without nerves, digests without a stomach, and circulates 
its nutriment without the vestige of a vessel! 

When we consider the magnitude of the work per- 
formed by these animated atoms, the feeling suggested 
by their individual insignificance is exchanged for won- 
der at their aggregate power. They constitute, in fai5t, 
another of those mighty mechanisms by which Provi- 
dence ensures the salubrity both of land and water; 
and with this funflion is combined the equally im- 
portant task of economising the stock of organised 
matter already gained from the mineral kingdom, and 
preserving it in a state fit for animal food. Now these 
objeifts are so necessary in nature's household that their 
attainment is insured by being associated with the in- 
stincts and wants of the creatures themselves. Their 
voracity was indispensable to accomplish nature's design. 
But for their labours the atmosphere we breathe would 
become tainted with exhalations from decaying animal 
and vegetable matter, and every drop of water in which 



». .OO'^lc 



196 Powers of tfie Lord. 

putrefetfiion was going on would cast into the air its 
germ of malaria and fever. Without their aid the sur- 
face of our pleasant earth and our bright seas would be 
covered with impurity. Think of the myriads of fishes 
dying at eveiy instant in the ocean, and the quantity 
of putrescible matter which must thus be diSiised 
throughout! Were no provision made for its speedy 
removal, it would rot, fester and poison. But these 
willing workers are always at hand when wanted, and, 
by voraciously feeding on the decaying atoms, preserve 
both air and sea in sweetness and salubrity. 

With this general purification is combined, as has 
been said, another scheme of providential utility. Nature 
is the most admirable of housekeepers, and is full of 
thrifty contrivances even in the midst of her proverbial 
profusion. It has, therefore, been so arranged that dead 
animal matter shall not in every case immediately revert 
back to the mineral kingdom through decomposition, but 
shall be preserved in its organic form so as at once to be 
again available as food. The decaying atoms thus saved, 
diough but the rubbish and sweepings of the world, are 
yet so valuable that innumerable myriads of creatures 
specially adapted for the purpose have been stationed at 
the outlets of the realm of organisation for the purpose of 
intercepting them. Had these atoms of decay been left 
to their fate without this intervention, they would have 
been quickly resolved into their ultimate mineral con- 
stituents, and, in the form of carbonic acid, hydrogen, 
oxygen, and nitrogen, would have been speedily dissipated 
by the winds in all diredtions. Who can tell how long 
these gases might have been blown about the world 
before they again became fixed in vegetable shape, or 
how long it might have been, even after that preliminaiy 
step had been accomplished, before the plants that fed 
upjc them served in their turn as food for animals? Yet 
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not until this uncertain cycle had been run would they 
again have been won back to the animal kingdom, and 
the loss which the "life" of the world would thus have 
sustained may be imagined from the amoupt of decay 
going on around us. To avoid this evil Providence has 
drawn as it were a cordon round the frontier of the oiganic 
kingdom, and has entrusted the guarding of it to uncount- 
able numbers of nature's "invisible poIice,"with orders to 
seize upon the escaping particles of food, and to turn 
them back again by a short route into the aftive stream 
of life, just as the fugitive atoms were on the point of 
decomposition, they were caught up and imprisoned for 
a time in the bodies of these animalcules, and then began 
the quick process of "consecutive nutritioa" The in- 
fiisory was devoured by some microscopic tyrant a little 
bigger than itself, which in its turn was snapped up by a 
hungry larva or some prowling insedl; the latter afforded 
a tempting mouthful to a greedy fish or bird; and these 
again in due time helped to supply some hungry man's 
dinner. 

We are accustomed to speak of the "lower or 
inferior" ranks of animal life, but we must recoUedt 
that the expression is one of relation only, for every- 
thing about all God's creatures is perfeifV in respeifl to 
the place they inhabit and the functions they perform. 
In mere beauty and finish the stru6ture of the highest 
classes of animals is equalled in creatures near the bottom 
of the scale. To the Great Creator structural beauty and 
perfection costs but the Word; and they are lavished 
mthout stint on all His living works. One cannot look 
at those curious infusorial animalcules without being con- 
vinced that in their way they are perfedion itself, and that 
what we m^ht have been pleased to call higher develop- 
ment would only have impaired their efficiency for the 
work that was given them to perform. Everything is in 
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all-wise harmony. Their size and strength correspond to 
the minute atoms they have to deal with; their numbers 
to the stupendous work before them; their simple organi- 
sation and wonderful tenacity of life, to a geographical 
distribution stretching, like their appointed task, from pole 
to pole. Wherever moisture is found and oi^anised mat- 
ter can decay, there they flourish in numbers to which the 
work to be done alone assigns the limit. When we look 
round and see how good every created thing is, how 
perfetSly the system works, and how even these invisible 
atoms of life are provided with their daily food, we can 
throw ourselves with reliance on Our Father, and realise 
the full comfort of the thought that He careth for us also. 

Emblems of science triumphant — telescope and mi- 
croscope — twin hands of vision — with one we grasp the 
mighty orbs that were lost to us in space, with the other 
we bring into view the incomparable atoms of life that 
were before unseen. To what more noble work can 
science be consecrated than thus to win for us glimpses 
of the mightiest and minutest of His works, and, by 
enlai^ing the field over which we humbly follow the 
Creator's hand, to add to the intensity of that perception 
with which we adoringly recognise His Power? 

The accidents fraught with suffering to mankind which 
now and then happen through the agency of the great 
Powers of nature have always been a stumblingblock to 
short-sighted critics of the ways of providence. With 
dismay they read of conflagrations and earthquakes, the 
bursting of reservoirs and other accidents, and they are 
tempted secretly to question the wisdom of laws under 
which such disasters are entailed. But the most cursory 
glance at the government of the world ought to convince 
everybody that Providence legislates on the widest basis 
for the well-being of the whole, and we must ever weigh 
the evil occasionally sustained by a few through the 
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operation of these Powers against the essential services 
condatially being rendered by them to the universal 
world. Nor is it to be forgotten that God has given 
faculties to man for the very purpose of enabling him to 
avert the danger thus arising. Fire causes direful con- 
flagrations, it is true, but how generally it is in man's 
power to prevent them by proper precaution. On the 
other hzAid, when we weigh this comparatively rare mis- 
chance against the blessings showered upon man at every 
instant by "Fire and Heat," into what imperceptible 
dimensions does not the accidental evil shrink! The 
noble ship sinks under the waters and its crew perishes, 
or a Sheffield reservoir bursts its dfim and submerges 
villages and pl^ns, or labourers are crushed by a falling 
bridge or tower. All this mischief results from the inex- 
orable law of gravity, but would any one wish that, in 
order to prevent these accidents, there had been no law 
of gravity in existence? In most cases these calamities 
might have been prevented. Were gravity aji uncertain, 
capricious thing, then, indeed, there would be cause for 
fear and lamentation, and it would be impossible to cope 
with the evils attendant on its adtion. But care has 
been taken that a Power operating thus universally should 
be subject to the most rigid laws, and that man should 
be able not only to pany most of the dangers to which 
it leads, but that he should also be able to turn it to ac- 
count for his own advantage. Let us refleft that, in order 
to have absolutely prevented such accidents, the law of 
gravity itself must have been suspended; and we know 
that, were this law suspended but for an instant, the 
earth and the whole heavens would collapse into destruc- 
tion. A law so essential to the existence of the world 
must be made peremptory and universal — it cannot be 
subjected to the flaw of uncertainty; it is a chain of 
safety that must not be left to be slackened at discretion. 
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If it extinguish life now and then, we must not forget 
that it alone makes hfe possible. In the same way the 
tempest, the lightning, and the stormy sea have their vast 
uses in nature's econtMsy. The feaiful earthquake and 
the volcano are the agents employed in modifying the 
cxust of the earth, and preparing it for its future destiny, 
and they are moreover only the effe<5t of that same 
Power of the Lord which is elsewhere universally work- 
ing for our advantage. Therefore when we are assailed 
^yith difficulties in regard to the materia] government of 
the wcwld — ^when we see evils prevailing for which we 
cannot at once assign any equivalent advantage — let us 
fall back with confidence on our experience of God's 
ways. Surrounded as we are on every side with evidence 
of the care bestowed by our heavenly Father on all His 
oreatures, we can well afford to wait with patience until 
these and other perplexing questions are solved, in the 
full convidtion that, when the fitting time comes, they 
will be fouad to exhibit new proofs of God's Wisdom and 
Goodness. 

Great u o 
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MOUNTAINS AND HILLS. 



ye Moutdains and Hilts, bless ye the Lord: praise Him, 
and magn^y Him for ever. 



ERE we required to name the grandest natural 
I objefts upoD earth, it is probable that "moun- 
] tains and hills" would rise to the lips of not a 
few. In sublimity they take rank with the ocean and 
the clouds, and they were chosen by the Psalmist to typify 
God's power — "and the strength of the hills is His also." 
On the one hand, their height, their mass, and the deep 
planting of their roots in the earth; and, on the other, 
the bcuity which rests upon their varied outlines, which 
clothes their sides and precipices, and lies among their 
vide valleys and deep glens, mark them out not only as 
the most conspicuous, but also as among the most 
attractive objefts in the world. Nor is it without wise 
design that these grand features q£ the earth should twine 
themselves round the affeftions. The love of the High- 
lander for his hills is proverbial. Love for the spot 
where one was born— for the district where one has lived, 
secures for it the interest of friends who will look to its 
wel^e. Memory lingers over the dim outline of a 
mountain long after other scenes grouped round its base 
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have faded away; and one can easily understand that the 
eyes which day by day rest on the iamiliar hills must 
ultimately open for them a way to the heart. Exiles 
from a country abounding in famous mountains, it was 
to be expedled that the Three Children, in their survey 
of nature, should invoke them as testimonies of the 
beneficence and power of the Lord. Had not their 
beloved land been lidged with hills to bring down 
the fertilising rain from the clouds, Judsea mi^t have 
been as arid as the neighbouring desert The dyii^ 
Moses, when blessing the tribes, had spoken of "the 
precious things of the lasting hills." Many of the moun- 
tains which they might have seen in their childhood were 
treasured in their thoughts as monuments of the power 
of God in delivering His chosen people. The. hill of 
£ashan marked for ever the spot where Moses gained 
the viftory over Og, its king. Mount Carmel was iden- 
tified with the deeds of the Prophet Elijah. It was here 
that the "fire of the Lord fell and consumed the burnt- 
sacrifice" which the priests of Baal had prepared. From 
the top of Carmel, too, the Prophet discerned the "little 
cloud out of the sea, like a man's hand," which an- 
nounced the welcome rain. They might have known 
Mount Tabor conspicuous among all the hills of Lower 
Galilee, with its plain where Sisera "with his chariots and 
his multitude" was delivered into the hands of Barak, 
and where more recently their oppressor Nebuchadnezzar 
had striven with and vanquished the children of Israel ; 
but they knew not that it was destined in after ages to 
become still more interesting to us as the traditional 
scene of the Transfiguration. From the rock in Horeb ' 
Moses miraculously drew forth the water to quench the 
thirst of the children of Israel. Nor from this list can 
Sinai, the most famous mountain of all, be omitted, 
where the Lord delivered the law to Moses, and revealed 
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himself to the children of Israel in the cloud upon the 
smoking mountain, and where other momentous events 
in the passage through the desert took place. 

The mountain of which the Bible makes earliest 
mention is Ararat, and it is identified with an occurrence 
that renders it a testimony for ever of Clod's power and 
mercy. When the race which had provoked the wrath 
of Heaven by its wickedness had been destroyed in the 
waters of the deluge, the ark with its favoured inmates 
was guided to rest and safety upoii its heights. The 
Lord let loose the powers of nature against His enemies, 
and yet, "remembering mercy," preserved a remnant by 
which the fair earth was again peopled. Mount Ararat 
forms the loftiest peak in the long ridge of the Taurus, 
rising 17,750 feet above the level of the sea, or nearly 
2000 feet higher than the summit of Mont Blanc. It is 
situated in that comer of Asia Minor where the domi- 
nions of Russia, Turkey, and Persia touch, and from the 
circumstance that it is partly detached from the groups 
around it, the eye takes in nearly its whole outline from 
base to apex; hence in isolated majesty it stands forth 
among the most sublime mountains in the world. Its 
crest is mantled in snow, and so difficult is the ascent 
that, although often attempted, it was never achieved 
until 1829, when the feat was accomplished by Professor 
Parrot, of the Russian service. Since the days of Noah, 
perhaps, no other human foot had ever been planted on 
the top of that famous hilL Mount Ararat is an objeiSl 
of interest and veneration not only to Christians and Jews, 
but to Mahomedans also. An Oriental traveller relates 
that when an Armenian for the first time beholds the 
wellknown outline of the mountain after long at>sence, he 
kisses the ground, makes the sign of the cross, and repeats 
certain prayers. Stupendous though mountain masses be, 
they form but trilling inequalities when compared to the 
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diameter of the globe on which they rest. The loftiest 
peaks of the Himalayas hardly exceed an elevation of 
five miles above the sea, which is a height so inconsider- 
able in relation to the diameter of the globe that it is a 
great exaggeration to compare it, as is often done, to the 
rugosities on the surface of an orange. Proportionate 
inequalities on an orange would be invisible to the naked 
eye. The highest table-lands of the world might be feirly 
represented by the thinnest sheet of writing-paper, and 
the highest mountain by the smallest visible particle of 
sand, laid upon a 1 6-inch globe. 

Mountains play an important part in the economy 
of nature. They aft as loadstones to the clouds, and 
draw down from them the fertilising rain. A mountain- 
range often determines whether a country is to be a 
garden or a desert, and points out the places where the 
rain-bringing winds are to yield up their treasures. In 
considering the "waters above the firmament" it was 
shewn how the barrenness of the deserts of Thibet and 
Mongolia has been produced by the rain-in teicepting 
ridge of the Himalayas, and how the south-west mon- 
soon which covers the wide plains of Hindostan with 
fertility is the result of their combined ai5tion. As 
Maury has observed, the desert and the mountain are 
"counterpoises or compensations to make the machine 
perfcft," and they are placed in certain selected situa- 
tions over the earth for the general good, to regulate 
the course of the winds, and determine where the rains 
shall most abundantly &1L In relation to this import- 
ant fundlion it may be said, with literal truth, that "He 
has comprehended the dust of the earth in a measure, 
and weighed the mountains in scales, and the hills in 
a balance." Had the "dust" of the Central Asian deserts 
been measured out either with greater or with less 
abundance than aftually is the case, or had the Hima- 
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layan mountains been weighed in masses greatly differ- 
ing from those they now present, the whole monsoon- 
machinery would have been thrown off the balance on 
which it has been so perfeflly adjusted, and the wide 
plains of India would have been but a sterile desert. 

Mountains "drink the waters of the rain of Heaven." 
They are the great water-sheds of the earth. On their 
tops the river-systems of the world are bom, and the 
tiny rills thence first started on their way soon coalesce 
into streams, and then into rivers, to be poured back 
eventually into the sea whence they came. It is obvious 
that, if the earth had been a dead level, and if there had 
been no slopes to run off the moisture, water would 
have lodged in stagnant pools over its surface, spoilt 
its fertility, and covered it with unhealthy swamps. As 
a general rule, to which for wise reasons there are some 
remarkable exceptions, mountains form the backbone 
or central ridge of continents; and nature, by decreeing 
that the chief rains shall fall among them, has secured 
the greatest amount of fertilising service which it is 
possible for them to render. As it flows downwards to 
the sea, the rain-water, colleded into streams, dispenses 
fertility on all sides. Had it been otherwise arranged, 
and had the chief rainfall occurred near the coasts, the 
course of the rivers produced by it would have been 
necessarily short, and the amount of good done by them 
would have been comparatively small. 

Let us illustrate this by tracing for a moment the 
influence which the mere position of mountains exercise 
on the climates of certain distrifts. The extraordinary 
fertility of the soil and the richness of vegetation found 
throughout the vast basin of the Amazon and in some 
regions lying farther to the south are produced by the 
absence of a high mountain chain running parallel with 
the eastern shore of equatorial America. The Trade-wind 
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reaches that shore saturated with moisture gathered up 
whQe sweeping across the Atlantic. It is clear that if 
it now encountered lofty mountains, the rain would be 
drawn from it in quantities which, while they deluged 
the distridls near the shore and made them compara- 
tively useless, would have left little moisture behind 
to be carried on to fertilise the vast interior. The valley 
of the Amazon would then have been changed into a 
desert, instead of being adorned, as it now is, with the 
most glorious vegetation in the world. Let us consider 
what has adtually happened on the opposite side of 
South America, where the conditions just mentioned 
are reversed. One of the most rain-charged winds in 
existence blows from the Pacific ocean against the coast 
of Patagonia, But no sooner does it reach the shore 
than it strikes against the lofty Andes; torrents of water 
are immediately drained off from the clouds, and one 
of the wettest climates of the earth is the result The 
v^etation, however, is of a rank and not very useful 
kind, owing to the excessive superabundance of moisture 
and the want of sun; and thus the whole country is 
covered with gloomy, impenetrable forests of pine. But 
mark what happens to the distridls lying beyond. The 
interior of Patagonia is a vast desert; for the moisture, 
which otherwise would have fertilised it, has been already 
condensed out of the wind by the cold tops of the Andes. 
And unquestionably the same fate would to a certain 
extent have overtaken Brazil and La Plata had the Andes 
been placed upon the eastern instead of on the western 
side of the continent. 

Mountains and Hills are thus the dispensers of 
fertility, .and, like prudent foster-mothers, they often 
hold near their summits vast reservoirs of water frozen 
into ice and snow, in order that they may pour down 
from their sides the needful supply of moisture when 
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the plains below are parched by the summer's sun. 
Thus the glaciers of the Himalayas feed the Ganges, 
the Indus and the Burhampootra ; and the higher Andes 
K)ll down cool streams into the rainless distri<5is border- 
ing the Pacific. The Rhine and the Rhone, with many 
of their early affluents, issue from glaciers in Switzerland, 
and they would dwindle into small proportions in the 
summer time were it not for the supplies given to them 
by these compensating reservoirs of ice. In winter, 
the various alpine sources are partially locked up by the 
frost; and hence it is remarked that their river-offspring 
never have their channels better filled than during the 
hot summer months when the melting of the glaciers is 
going on most rapidly. 

Mountain ranges and lofty plateaux often afford a 
natural sanatorium in the midst of hot, unhealthy tropical 
countries. The worn out invalid finds on these cool 
heights a climate which soon restores him to health, and 
enables him again to encounter the less favourable 
influences of the plains. Recent improvements in travel- 
ling have enhanced the value of this blessing by enabling 
many to take advantage of the change who formerly 
could not profit by it The Madrasian retires to recruit 
his exhausted vigour among the bracing Nellgherries; 
the citizen of Calcutta travels to the "upper country" to 
seek health among the slopes of the Himalayas; the 
Cingalese leaves the sultry coast to profit by the more 
bracing air of the coffee distridls near Adam's Peak; the 
Mexican leaves the Caliente for the Templada or the 
¥n3.; and the Peruvian or Chilian of the coast finds cool 
air, verdure and health on the lofty sides of the Andes. 
On the whole, there are few tropical distrifls so un- 
fortunately placed as to be beyond moderately easy 
access to some mountain sanatorium. 

Mountains exhibit wonderful proofs of the forces 
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formerly at work in giving its present shape to the surface 
of the earth. Geology tells us that many of them — like 
the lofty peaks of the Andes, or Ailsa Craig, or Teneriffe 
— have been cast forth as liquid lava from the interior of 
the earth by the force of fire. Others, again, though 
deposited originally at the bottom of the sea, have been 
lifted as it were on the back of other rocks, so as now to 
form lofty ridges. There are limestone strata of marine 
origin, labelled with shells identical with others found in 
low-lying beds near Paris, which are now placed at a 
height of 10,000 feet above the ocean, crowning the 
summit of the Diablerets among the Swiss Alps. Examples 
of similar elevations are met with among the Himalayas, 
in Tahiti, and elsewhere. 

Viewed under another aspeiS, mountains shew forth 
the power of the Creator in a way still more marvellous. 
Many mountain masses and level strata consist chiefly 
of the remains of animals that formerly existed on the 
globe. The beautiful marbles of Derbyshire, for instance, 
owe their variegated markings to the shells which succes- 
sive generations of creatures built up and left behiud. 
One feels astounded at the profusion of ancient life 
revealed by those "medals of creation." Nearly the 
whole city of Paris has been reared out of the consoli- 
dated remains of microscopic Miliolae quarried from the 
neighbouring tertiary beds, and calculations shew that 
every cubic inch of this stone contains not fewer than 
2000 millions of individuals. The most famous of the 
pyramids are formed out of the remains of microscopic 
nummulites cemented into a building-stone which is found 
abundantly in Egypt and in many other places. One of 
the most remarkable examples of the former profusion of 
life is tQ be found in the polishing slate of Bilin, in 
Bohemia, which is estimated to contain the remains of 
41,000 millions of infusoiy animals in every cubic inch. 
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Look at those distant hills ! We recognise the English 
Downs by their sof^, wavy outline, by the marvellous 
brightness of their green, by their springy turf, by the 
white sheep specks that dot their gently sloping sides, 
and by the bracing air which sweeps over them with the 
crisp freshness of the sea. They undulate in a broad 
belt through England, from the shore of Dorset to the 
cliffs of Flamborough and Dover. In the north of 
Ireland the chalk has been broken through and almost 
fused by tlie volcanic fires which once formed the Giant's 
Causen-ay. It extends across the continent of Europe 
in several direflions nearly from end to end, and in 
other quarters of the world it is largely developed. The 
vast mass is heaped upon thousands of square miles of 
the earth's crusL Yet it is but the sepulchre of myriads ' 
of creatures that formerly existed, and the visible evidence 
of the profusion of life that issued in ancient times from 
the Creator's hand. Scattered throughout are the bones 
of reptiles and fishes, with corals, sea-urchins, sponges, 
and other marine remains. While surveying these relics 
we realise and seem to become familiar with the curious 
forms of life which then existed. But the tomb of chalk 
in which they lie is itself composed partly of crushed, 
compressed, or metamorphosed shells, partly of myriads 
upon myriads of microscopic animalcules, whose strudlure 
and markings are often as beautiful and perfedt as If 
they had only died yesterday. Who can conceive the 
abundance of the life which thus built up those hills? 
Yet everything tends to shew that there is not an atom 
of chalk in the world which did not once form part of a 
living animal! 
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O let the Earth bless the Lord: yea, let it praise 
Him, and magnify Him for ever. 



l^tUfllN those summer strolls amid rural scenes which 
njE 9h now and then cast sunshine on the way of even 
KSbU the busiest among us, who has not rested on 
some river's bank or green hill-side, and in his heart 
humbly thanked God, both for having clothed the earth 
with beauty, and for having bestowed upon himself the 
faculty to appreciate arid enjoy it? Which of us can 
estimate the sum of purest pleasure that would have 
been lost to man had he been created as unconscious of 
this beauty as the beasts that perish? But by the love of 
our Father-^who careth for our pleasures as well as for 
our wants — a power to perceive the charms of nature has 
been implanted universally within us, and none are shut 
out from its enjoyment The savage and the civilised, 
the old and the young, the rich and the poor — all are 
capable of feeling its softening influence. This admira- 
tion awakens a taste which grows and strengthens by 
what it feeds on; for he who has once truly experienced 
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the charm of nature's scenery will ever afterwards be on 
the watch to discover and enjoy it. In the midst of 
scenes like these it is good that the thought should now 
and then rise up in the mind that in making nature so 
attraflive it was intended, not merely to please the eye, 
but to draw man on to the consideration of the work 
itself, and to move him by the asped; of its beauteous 
perfedlion to magnify the Great Creator, 

But while there are many whose delight it is to feast 
upon such treats, spread out before them for enjoyment 
by the Father, there are some who pass on without 
caring to taste. The very commonness of the privilege 
dulls their perception, and they either see it not at all, or 
look on with apathy. There are others who ardently 
profess their love of nature, but the feeling, though some- 
times even extravagantly expressed, is nevertheless capri- 
cious and uncertain. They are ready to admire on great 
occasions; but they have little relish for nature in its 
ordinary dress, and exa6l the stimulus of "fine scenery" 
before they will condescend to enjoy. Alas! what loss is 
theirs — and how thrifdess they are in thus throwing away 
a pure and oft-recurring pleasure in a world where 
pleasures without alloy are all too few! It is, indeed, 
only reasonable that we should be most keenly impressed 
by the more rare displays of nature's highest beauties, but 
surely that need not render us insensible to such charms 
as may with certainty be found in every landscape. In 
our daily intercourse with nature out of doors it is wis- 
dom not to encourage top fastidious a taste. A few 
earnest, sympathising glances, however homely may be 
the scene on which they dwell, will rarely fail to gather up 
some grains of pleasure, and nature will surely smile bade 
on us if we will but look with interest upon her, A little 
encouragement given to this appreciative disposition 
will return a rich reward, for it will bring within life's 
14—3 
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circle a thousand moments of enjoyment which would 
otherwise be wholly lost 

The Earih is the Lord's, and All that therein is, Ps. ixiy. 

The earth is, indeed, beautifiil; but this is only the 
outside adornment lavished on a priceless casket Earth 
is a fruitful mother, and is filled with the treasures of God's 
love to man ! Its vaults are packed with stone for building 
and marble for decoration — with metals of every kind for 
use and ornament — with coals for warming us and multi- 
plying ten million-fold the strength of our arms — with 
fountains of oil for our tamps, and with countless other 
gifts that minister to our happiness. Who could succeed 
in exhausting the catalogue of the things with which the 
earth trumpets forth His praise and glory? For all our 
material wants this is the storehouse in which are laid up 
the gifts that will content them. Yet in the midst of 
riches that are inconceivable there is nothing superfluous, 
or which does not fulfil an appointed task in nature's 
economy. With short-sighted rashness we sometimes 
call certain things worthless, and others precious; but 
in the system of Providence none are worthless, and all 
are precious. 

Within the wide range of scientific art there is perhaps 
no change more surprising than that by which sand is 
converted into glass, and there are few fraught with more 
advantage to man. Consider the abundance of sa'nd, 
and how it covers the earth almost to redundancy. That 
this coarse, opaque substance should cast off its common 
nature so completely as to change into bright crystal is a 
marvel which none could have anticipated, and which 
seems comparable only to the metamorphosis of the dull 
pupa into the beautiful imago of insedt life, Intra<flable 
though sand may be when heated in the furnace by itself, 
the admixture of an alkaline substance with it in the 
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crucible taraes its obdurate nature, conquers its opacity, 
and fuses it into the transparent glass which we apply to 
so many useful purposes. 

Glass-making was one of the earliest of the arts. Its 
manufa<5ture, as praftised 3500 years ago, is painted on 
the walls of the Egyptian tombs of Beni Hassen, and the 
mummy chambers of that and subsequent periods have 
yielded up numerous articles in glass, of which an in- 
teresting coUedion may be seen in the British Museum. 
Not the least remarkable were the artificial gems, which 
were turned out with a success rivalling the best modern 
produflions of Paris. Fairholt tells us that "the green 
emerald, the purple amethyst, and other expensive gems, 
were successfully imitated, and a necklace of false stones 
could be purchased of a Theban jeweller with as much 
facility as at a London shop of the present day." During 
the early period of its history, indeed, glass-making was 
even more of an ornamental than a useful art, and it is 
curious to note how long it was before some of the most 
valuable applications of glass to the wants of man were 
discovered. A few of the windows in Pompei appear to 
have been glazed. Some houses in England had win- 
dows containing foreign glass in the reign of Henry II.; 
but there was no manufaiSory of it in this country until 
the year 1557. Windows, before that time, were either 
open to the weather, or were closed with paper or linen 
made translucent by being soaked in oiL In some 
countries a natural but very inferior substitute for glass 
had been provided in the shape of thin sheets of mica. 

If there be anything which, to a superficial observer, 
appears to be even of less value than sand, it is its 
twin sister clay. But we have seen how God has inspired 
man v^th the power to turn sand into glass; and He has 
also taught him how to convert clay into useful pottery. 
Let any one try to realise how much comfort and con- 
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venience would have been lost had our Father not 
impressed those substances with their valuable, secret 
qualities; or had He not, with corresponding design, led 
man on to the knowledge of how to profit by them. 

The making of pottery was one of the earliest arts 
praftised in the world. Pots and cups of rudest earthen- 
ware form almost the only record of many peoples who 
lived before history began, and few savages are found 
by travellers at the present day who are destitute of 
vessels of some sort fashioned out of clay. The ancient 
Egyptians were clever potters. The wheel employed in 
the time of Moses and Pharaoh does not differ greatly 
from the one now in use, while it constitutes the earliest 
"machine" of which we have any record. As is well 
known, the Chinese were the first to make that finer kind 
of pottery to which the term porcelain Is now restrifted, 
and the art with them seems to have reached its highest 
perfeflion about the year looo a.d. With the "renais- 
sance" in the 15th century, the coarse pottery of Europe 
began to be improved. In Italy it was raised into Majo- 
lica, Faienza, Raffaelle and Robbia ware; in Holland 
improvement took the less beautiful and often quaint 
form of Delft ware; in England the well-known Queen 
Elizabeth ware was thought wonderfully fine, and, though 
extremely coarse according to modem standards, was at 
least an improvement upon the black-jack and drinking- 
horn which it superseded. All such works, however, 
owed their value, not to their quality as porcelain, but to 
the paintings enamelled on them by Raffaelle or his 
pupils, to the skill with which the clay had been modelled 
by Luca della Robbia and Bernard de Palissy, or to the 
quaint and fantastic forms given to them by the artists of 
Holland. And there is no saying how long a fine paste 
might have been wanting to enable Europe to produce 
porcelain rivalling that of China, had it not been for the 
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occurrence of a lucky accident About a century and a 
half ago it happened that Dr. Bottcher, of MagdebuT^, 
devoted himself to the discovery of the philosopher's 
stone, and he was probably the last in the long list of 
alchemists. Dissatisfied with the crucibles then in use, 
he set about manufafluring his own; and, from the ex- 
periments he was led to make, he acquired a pra6lical 
knowledge of the pottery produced from common clays. 
It happened that the Dodlor one morning found his wig 
unusually heavy, and on enquiry he learnt that his servant 
had ventured to introduce to his notice a new kind of 
hair-powder which had just come into fashion, and of 
whidi the material, instead of being expensive wheat 
flour, was only a common white clay that had been well 
dried and finely pounded. Biittcher's crucible experi- 
ments instantly suggested to him that this clay would 
make an admirable white "paste" for pottery, and a few 
trials satisfied him of the value of the discovery. By 
means of this fine white clay he in fa6t converted com- 
mon earthenware into porcelain. Favoured by the pa- 
tronage of the Duke of Saxony, he was attached to the 
manufaftory at Meissen, from which specimens of porce- 
lain immediately began to be issued which astonished the 
world of art From this Saxon root the most famous 
china-works in Europe gradually sprang up. For a long 
time the art was kept a profound secret, and the artists 
were as rigidly secluded in their manufai5lory as ever 
nuns were in a convent They were prizes competed for 
by the different continental Courts; and, under the 
temptation of high bribes, some of them from time to 
time escaped from prison, carrying their secret with them. 
Most of the early porcelain-manufaflories owed their 
origin to these runaways. Thus the last of the alchemists, 
though he did not succeed in finding the philosopher's 
stone, made a discovery hardly less valuable by changing 
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clay into porcelain, of which the finest specimens are 
worth more than their weight in gold. 

Clay consists essentially of Silica, or sand, in union 
with the oxide of a bright metal which has assumed a 
homely, working dress for the purpose of tilting it to take 
a most useful part in the composition of the soil. To the 
clay thus mixed up in it the ground is indebted for some 
of its best qualities as a producer of food. But when 
treated skilfully by the chymist, clay casts off this unat- 
tra<5tive dress, and appears as the metal aluminium. For 
thousands of years clay had been handled and worked 
without its true nature having been suspedled ; nor was 
it until the discoveries of Sir Humphry Davy had proved 
potash, soda, and magnesia to be metallic oxides, that a 
similar nature began to be theoretically imputed to clay. 
Great was the sensation in the chymical world when, in 
1827, Wohler announced the discovery of the long-looked 
for metal in a pure stale, although, from the difficulty of 
the process of extraiSion, it was for some years to be 
seen only in museums or at scientific conversazioni. But 
its useful qualities were, nevertheless, speedily rec<^ised, 
and it at once took high rank among the metals. Alu- 
minium possesses the quality of lightness which is so rare 
among metals, while it is hard and white like silver, 
though much less brilliant. It can be readily beaten 
out into plates or rolled into wire, and it is not easily 
tarnished by air or water under ordinary temperatures. 
The drawback to the value of this new gift has until lately- 
been the cost of producing it; but already the intelligence 
of man has to a considerable extent triumphed over that 
difficulty. In the Aluminium Works at Newcastle many 
tons of this metal are annually extracted by a process 
which admits of its being sold at a comparatively cheap 
price, and so rapidly is it now coming into general use 
that there is scarcely a bazaar which does not otTer 
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bracelets, buckles, and other light produ<5Hons manu- 
faflured out of this widely diffused metal. 

It is obviously impossible to find room here for a 
description of the many ways in which metals contribute 
to our welfare. But it may be observed generally that 
there is even more marked variety in the properties of 
metals than in those of wood, and thus the range of 
purposes to which they are applicable is greatly ex- 
tended. WTien strength is desired we have the giant, 
iron, at our beck and call. An obdurate, unwieldy 
servant in his rougher shapes, we tame him through 
fire, and make his dull force yield to our skilful weak- 
ness. Powerful in our knowledge, we summon this 
metal to sustain our houses and bridge our rivers, and 
we bend and roll, and twist and fashion it as we please 
for a thousand useful purposes. Do we want a medium 
to help on commerce by superseding clumsy barter? 
there is gold. Is heaviness required? it is to be found 
in platinum; or lightnessf there is aluminium; or soft- 
ness? there is lead; or brittleness? there is antimony; 
or fluidity? there is mercury; while for a combination 
of many qualities useful in domestic life, there are 
copper and tin. By the design of Providence one metal 
appears to have been created to supplement the de- 
ficiencies of another. Thus iron, strong though it be, 
yields to the gnawing attacks of air and moisture. 
But by sheathing it in a film of zinc or tin — metals 
which, though comparatively weak, are yet less sensitive 
to air and moisture — iron gains the priceless quality of 
endurance. By the skilfUl union of various other metals 
in different proportions the ch)Tnist knows how they 
may be adapted to almost every purpose. Thus the 
\-atue of the metals as a gift to man can only be 
compared to that of wood and stone, of which they are, 
as it were, the complement. In bestowing these three 
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blessings, what a provision has been made by Our Father 
for our comfort ! 

We may now pass to another compartment of the 
storehouse, and consider the beneficence and the know- 
ledge of our wants with which the rocks of the earth have 
been treasured up. Fire and water, under the formative 
guidance of the Lord of nature, have contributed their 
mighty forces in preparing them for our service, and 
have split and blocked and layered them into shapes 
convenient for our use. Sometimes they are cemented 
into huge masses, out of which colossal breakwaters, 
bridges, and docks may be construdled. Some rocks 
cleave readily into slices for our pavements; others split 
into fine plates for our slates. Some are so soft that they 
may be cut with a saw, and yet harden firmly after expo- 
sure to the air; others are so hard that iron will scarcely 
scratch them, while they surpass that metal in endur- 
ance. The rocks yield lime, so useful as manure; and 
salt, which is a necessary of life. Vast strata of coal 
lie cellared in the earth. These blessings are so com- 
mon, and are so intertwined with the daily experience 
of all, that it appears almost to be trifling to recapitulate 
them. But should a gift be less formally acknowledged 
because it is given abundantly? Instead of withholding 
these blessings altogether, or bestowing them niggardly. 
He has diffused them everywhere; but, strange to say, 
it is this very lavishness which often blunts perception, 
and creates the danger of our passing on without a 
thought of gratitude. Ail occasionally make general 
admissions of their obligations, but how few ever stop 
before a quarry or a coal-mine to quicken their gratitude 
by thanking God specially for His good gift! Yet what 
abundant evidence is afforded by every quarry of God's 
providence towards us. Is it a small thing to know that 
long before we came into existence, Our Father was 
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already caring for us and for our wants, and was even 
then "preparing the dry land," by storing It with good 
gifts to add to our happiness? 

Let us for a moment pause to survey the famous 
quany of Cniigleith, and try to estimate the shelter, 
the comfort, and the happiness that have been dug out 
of that vast chasm. Stand on its brink, and it will make 
you giddy to look down into the feari"Ql gulf. Far away 
in its lowest depths you descry busy workmen dwarfed 
by distance into pigmies. The birds, whom your ap- 
proach has disturbed, hurriedly take flight, and seem by 
their long fluttering as if they never could reach the 
opposite shore of the abyss. Descend to the bottom 
by the climbing zig-zag, which calls to mind some engi- 
neering triumph in the Alps; stand in the centre — look 
round — and then try to realise in imagination the vast- 
ness of the void that was once filled up brimful to the 
top with solid stone. Frowning precipices rise sheer 
from the bottom for several hundred feet. Perched 
high up on a projefling crag, the giant steam noisily 
pursues his work, and stretches out his far-reaching arms 
to help on the labours of the place. One stands amazed 
to think what could have consumed and swallowed up 
so much hard rock. Never did earth more opportunely 
bring forth her hidden treasures. An ancient capital 
hard by had outgrown itself. Cooped up by nature 
within the limits of a narrow ridge, its streets, with the 
single, grand exception on its crest, had been squeezed 
together into wynds and closes, partly from scantiness 
of space and partly for tlie purpose of aiding defence 
in troublous times. Dunedin was like a pent-up river 
whose waters were watching for a chance to spring 
beyond their old confinements. Suddenly the citizens 
broke through the spell of custom and tradition. The 
old gate was passed, the swampy North Loch was 
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bridged over, the green fields on the other side were 
reached; and then arose a city — the like of which had 
never been seen before. Nearly every stone that left 
this vast void was built into that new town of Edinburgh, 
whose glory, next to its matchless site, is the beautiful 
rock of Craigleith quarry. 

The crust of the earth, then, may be regarded as a 
vast storehouse filled with good gifts from Our Father for 
the purpose of ministering to our happiness; and surely 
the consideration of this truth ought to constrain us to 
turn them if possible to account in His service, and to 
make them, as far as may be, the visible expressions of 
our thankfulness. It is true that God is a Spirit, and we 
know that the works of our hands can have intrinsically 
no value in His eyes. But we are, nevertheless, distindlly 
assured that it is possible to do everything to His glory, 
and we are enjoined so to do it " Whatsoever ye do, 
do all to the glory of God." Nothing is excepted — no 
aft is either so great or so small as to be beyond the 
circle of this command. By it we leam that it is the 
motive which sanftifies. Unless the motive be God's 
glory, the finest work sinks into worthlessness; but, 
hallowed by that motive, every offering is graciously 
accepted. 

In building and dedicating churches to God's glory, 
we seem in an especial manner to be turning the 
materials of the earth to account in His service. In what 
mind, then, ought we to undertake this duty? Is it 
consistent with feelings of gratitude and propriety, or 
even of decency, that His temple should be raised barely 
and meanly, when we have it in our power to do more ? 
The widow's mite was valued because it was the utmost 
she could give; but, had she possessed more, it would 
not have been so appreciated. Oi^ht we not then to 
follow out this principle as tar as we can, and to give our 
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best? Can it be right that, while we deem no architec- 
tural beauty too good for our own dwellings, we should 
be satisfied with making His House only a little 
better than a barrack— when it is in our power to do 
more? While we adorn our palaces with everything 
which good taste can obtain from the sculptor or the 
painter, can it be right to consider the carpenter and the 
plasterer good enough artists for the church— if we have 
it in our power to do more? Or while we fill our concert 
rooms with finest music, shall we celebrate His praise 
in the sandluary in hymns that are often discordant to 
healthy ears — when we have it in our power to do more? 

Far rather would we be among those whose clear 
rule it is to offer their best for God's glory, than with 
others who are content to consider what is inferior or 
easy to be had as good enough for the adornment of His 
House. Scarcely can they understand or appreciate 
their high privilege when they withhold what ought gladly 
and lovingly to be laid upon the altar. Though para- 
doxical, it is nevertheless true that liberality for such 
purposes never diminishes the resources available for 
things that are confessedly more essential. There proba- 
bly never was a case yet where one church remained 
unbuilt, because another had been suitably adorned; but, 
on the Other hand, it may be safely ass^Tted that the 
aspe<5t of a church whose fitting adornments inspired 
devotional feeling has often a<5ted as a stimulus to help 
on similar works. We may rest assured that, when our all 
has been done, we have equally fallen short of His glory 
and our own obligations. 

The adornment of churches has much improved of 
late, and in that direiftipn we need not fear that we shall 
do too much, so long as it is governed by good taste, 
suitableness and devotional feeling. To what more 
elevating use can man apply the woods and the metals, 
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the stone ODd the marbles, with which this earth has 
been blessed for his sake? or how can he better employ 
sculpture and painting — the direft offspring of those 
talents which are the special gift ,of God — than by de- 
voting them to His honour? It surely cannot be other- 
wise than right and consistent, when we are enjoined to 
"do all to the glory of God," that the best fruits of the 
talents with which God has endowed man should be 
humbly dedicated to the glory of Him who created them. 

In mediasval times our forefathers liberally employed 
the best sculpture of their day; but while we admire the 
devotional feeling which often spread a charm over their 
works, even when poor art marred artistic success, it 
would surely be a great mistake in us were we to aim at 
reproducing any of their defedts. With still stronger 
reason figures twisted into impossible attitudes, exaggera- 
tions, monstrosities, and other inconsistencies ought 
to be avoided. One can hardly understand a sculptor 
hewing out grotesque impish figures as fit decorations 
for any part of God's Temple. Surely these cannot 
be held as suited in any way to promote His glory, and 
therefore ihey ought to be excluded from the SaniSluary, 
every part of which is consecrated to His service. If 
sculpture in churches be in any degree allowable, it can 
only be when it is calculated to excite emotions of reve- 
rence and devotion. The Sacred Volume is an inex- 
haustible source from which subjefls both suitable and 
beautiful may be selefled. Wherever the standard of 
religious propriety is departed from, decoration in the 
sacred edifice easily degenerates into desecration. 

A custom became common about l^e beginning of 
last century, which, viewed by the light of taste and 
consistency and not through the medium of sentiment 
and association, must be held to have done much to 
disfigure the interior of our churches. It had its origin 
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in that praiseworthy feeling which loves to cherish the 
memory of the dead; but its eifeiS has been to cause 
the walls to be stuck round with monumental records, 
in the framing of which more bad taste has been displayed 
than, perhaps, on any other feature within the church. 
Many a chancel has thus been fitted up in a style which 
brings to mind the workshop of a Kensal Green sculptor. 
Square, printed "bills" of marble, with deep, black 
edgings, are plentifully posted about. There are skulls- 
idealised in their repulsiveness, reposing on crossed thigh- 
bones of curious shapes not to be found in nature, and 
flanked — supporter-wise — by monster hour-glasses. There 
are mantlepieces let into the walls, with inscribed slabs 
where the grate should be. There are mortuary chests 
piled one on the top of the other; urns like over-grown 
soup-tureens, wine-coolers with sloping pail-hds, and tall 
pots that caricature Etruscan vases. It is no exaggeration 
to say that nearly all the objei5ts here mentioned may 
sometimes be seen colieifled within the walls of a single 
parish church. In the nave of Westminster Abbey there 
are certainly some exceptions, nevertheless its general 
character is too much that of a museum of monumental 
rococoism. Out of respeifl for the dead let us accept 
what has been bequeathed, but it is surely time to discon- 
tinue this questionable custom for the fiiture. 

It seems strai^e that while the aid of sculpture in 
decorating God's House has been, more or less, almost 
universally accepted, the service of its twin-sister, painting, 
has often been altogether repudiated. We know not 
any good reason why this should be, or why the work 
of the pencil should be accounted evil, while that of the 
chisel is held to be good. The question is surely one 
that ought to be decided on its own merits, and not by 
the mixture of feelings engendered by associations which 
is often mistaken for principle. There is nothing that 
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can be said in favour of sculpture, or other arcliiteiftural 
ornamentation, which cannot likewise be said in favour 
of painting; and if it be alleged that painting is disquali- 
fied for Protestant churches because it has been abused 
in other churches, the same thing may be said of sculpture 
and every other kind of embellishmenL Both equally 
represent the employment in God's service of the talents 
with which He has blessed His children. Both come 
into the church by the same title — that they are done " to 
the glory of God." And if, in addition, the ideas they 
suggest sometimes penetrate to the mind and touch the 
heart, surely they are both serving as innocent means 
towards a good end. The principle of the admissibility 
of painting appears, indeed, to be so generally conceded 
in pradlice that it seems inconsistent to deny it in theory. 
Nearly all denominations now consider themselves fi'ee 
to admire the paintings that adorn the windows of their 
churches; and we do not see how they can with consist- 
ency objedl on principle to representations of similar 
subjeifls painted upon the walls. Is it, for example, right 
in principle to depidl the "ascension" upon glass, and 
wrong to take the same drawing and the same colours, 
and lay them upon plaster? At all events, the reasoning 
which saniftions the one cannot logically be turned against 
the other. We give no opinion as to how far painting 
should be employed in decoration. Judgment and good 
taste, to say nothing of the difficulty of procuring it of a 
sufficiently high degree of merit, will always circumscribe 
its employment, and praflically almost confine it to a few 
great churches. Better, too, that it should be altogether 
omitted than introduced at the cost of congregational 
discord. No one would desire to see this or any other 
kind of church ornamentation pushed to excess, for it is 
extravagance which so often casts a blight over what 
is really good. 
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The inscription of illuminated text scrolls over arches 
and in other appropriate situations seems a very suitable 
kind of ornamentation. It produces a pleasing effect in 
the parish church by relieving the large bare spaces of 
white, and adding to the distimftness of architeiftural 
outline. Another advantage is that, while painting and 
sculpture must always be rare from their cosUiness, the 
suitable execution of these texts is seldom beyond the 
resources of a congregation, assisted by such art as 
naay be found in almost every country town. Nor are 
these scrolls without a higher aim and use. They are 
read over and over by young and old; and every time 
this is done there is the chance that some latent feeling 
may be touched — that some germ of good seed may 
fall into a soil where it will grow. They are sacred 
words placed, favourably to catch the eye, and appeal- 
ing week after week to the hopes, the aife<5tions and 
the consciences of the congregation. Often they arrest 
the wandering thought and turn it back more fitted than 
before to join again in the service of the Church. 

If it be right to sing unto the Lord in His House, 
surely it must be right not only to raise that "melody 
in our hearts" which is the most precious quality of 
praise, but also to make the outward expression of it 
the best which it is in our power to offer. What that 
best is must be left, as in the case of sculpture and 
painting, to be regulated by the standard of propriety 
and devotional fitness. The only limit that need be 
put to the style of music adopted is that it shall be 
devotional in its character, and within the power of the 
congregation to execute, or at least to join in. The 
difficulties and "effefts" into which ambitious choirs 
are sometimes tempted are no less misplaced than excess 
in sculpture and painting; and, while they exhibit skill, 
have occasionally the result of excluding the congrega- 
15 
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tion from the Service altogether. Within the limit here 
assigned there is range enough to occupy the best means 
that can be brought to bear. There is no grace in prais- 
ing like fervour, and a too elaborate choral display, how 
beautiful soever it may be in itself, goes beyond the aim 
of congregational singing and, by checking or silencing it, 
tempts one to wish for another Gregory to sweep away 
redundancies, introduce simplicity, and impart devotional 
feeling. 

It is unnecessary to make any estimate of the com- 
parative value of these "aids" to devotion, and much will 
always depend on the peculiar mental bias and associa- 
tions of the individual. We seek here to establish nothing 
more than the principle that, as they were all given for 
our use, not one of them should be negleifled. A touch- 
ing allusion to the Cross, for example, nvy excite the 
same religious feeling in the mind whether it be spoken, 
printed, painted, or sculptured. Who or what gave one 
sense the monopoly in things religious over all the others? 
IVhat is there that so exclusively fits the ear to promote 
adoration, and which so rigidly excludes the eye? Does 
all religion consist of creed only, and has feeling no part 
in it? Is there no such thing as love, pity, or sympathy 
in it? And if such emotions form any part of religion, 
Ihen every means that can rouse them becomes of use, 
and was given for that purpose. Provided the idea 
reaches the mind it signifies little how it came there, — 
whether its starting point was a star, a plant, a statue, a 
pifture, words spoken, or letters printed. They are all 
essentially symbols and means to an end. If they fail to 
send on the idea to its goal, they are all equally worth- 
less: but if they succeed in doing this, they are all useful. 
Were we more perfeft we might possibly dispense with 
many aids; but, being as we are, we cannot afford to lose 
even the least of those that have been given to us. It is 
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trae that some feel the meaning of a symbol, and some 
do not ; but why should they who can profit by such 
appeals be deprived of them because there are others on 
whom they are lost? Excess is always wrong, and a 
sparing use of symbolism in church adornment is perhaps 
expedient We know with what force association moulds 
conviftion, and this is a point on which much may be 
yielded to opinion or even to prejudice. But supposing 
it were possible to surround ourselves in every direction 
with symbols of God's attributes, what other result than 
our advantage could arise? what monitors for good, what 
shields against evil they would be ! Yet, if we look 
meditatively around, Js not this in reality our own posi- 
tion? God has encompassed us on every side with sym- 
bols that recall Him to our thoughts, and it is habitual 
negle<S alone which makes them profitless. What objecS 
is there in nature which does not in some way suggest 
His Power, Wisdom, or Goodness? Thus were these 
objedls used by the Three Children of old, and thus may 
we also use them as aids to adoration. 

If there be any kind of adornment which more than 
another seems fitted to God's House, it is that thoughtful 
use of the "green things upon the earth" with which our 
churches are decorated at certain seasons of the year. 
Flowers are the painted sculpturings of nature — the 
shapes and colours of beauty which the Creator has 
lavished upon the world — and surely they can never be 
employed to better purpose. In the church flowers 
suggest thoughts that are in unison with the occasion. 
Who does not understand the signs of joyfulness which 
they express at Christmas and Easter; and do they not 
sometimes serve to quicken our sympathy for those who 
stand around the altar or the font? Small matters these 
are, perhaps, but let us throw nothing away that points 
Upwards. It is good and profitable to be occupied about 
'S— a 
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such things, and the time and care thus bestowed on the 
adornment of the parish-church are, we believe, never 
without their reward. Pious thoughts arise, while skilful 
fingers are busy with the work, which, as it is done for 
the sake of God's honour, must be linked with good to 
all concerned in it 

Whoso ofTereCh me praise glorifieth me. Ps. L 
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GREEN THINGS UPON THE EARTH. 



all ye Gran ITiings upon the earth, Mess ye the Lord: 
praise Him, and magnify Htm for ever. 



IN contemplating the green things upon the earth 
we are in turn impressed by their beauty, their 
usefulness, and the wisdom of design displayed 
in their creation. Everywhere we see plants fitted to the 
different conditions involved in the various climates of 
the earth; to the length of the day, which regulates the 
amount of light and heat they are to receive; and to the 
duration of the year, within the compass of whose seasons 
the cycle of their funflions — growing, flowering, and fruit- 
ripening — must be completed. If the axial rotation of 
the globe were a little quicker or a little slower, the 
length of the day would be different from what it now is, 
and the adlual conditions of plant-life would be disturbed. 
If the earth under less perfedt adjustment were placed 
nearer the sun, plants would be overwhelmed in a flood 
of heat and light Or, again, if the orbital speed of 
the earth round the sun were greater or less than it is, 
the length of the year would be altered, and the routine 
of the annual functions of plants would be thrown into 
disorder. Even as it is, we know the confusion which 
arises in a garden from a summer prolonged far into 
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autuQin, or from a too early spring. In reality, we 
observe tliat the Creator has everywhere endowed plants, 
in regard to their external relations, with the exaft con- 
sdtutioQ which ensures their well-being. 

The strength of the framework of plants has also 
been nicely calculated. The thickness of the stem, 
the tapering of the branches, the weight of the leaves, 
flowers, and fruit, are all modelled on the astronomical 
condirions in which the earth is placed. Were terres- 
trial gravity greater than it now is, everything would 
weigh heavier; or, in other words, the force with which 
the earth pulls everything towards its centre would be 
increased. The trunk of the tree, which we now see 
towering into the air as a symbol of strength, would 
then be unable to support the branches, and die 
branches would be overpowered by the leaves. 
filossoms and fruit would break down the stalks that 
hold them up, and all our useful plants would be dragged 
prostrate to the ground. The strength of every minute 
microscopic fibre throughout the whole vegetable world 
has been created in exa6t relation to gravitation ; and 
in nothing, perhaps, is the fa6l more beautifully illus- 
trated than in plants which, like the hichsia, the arbutus, 
or the snowdrop, incline their flowers in graceful pen- 
dants. As a general rule flowers are ere<5i, and the 
stamens are longer than the pistils, in order that the 
pollen, or fTU<5lifying powder, may naturally fall on the 
stigma, and thus reach the germ. It is obvious, how- 
ever, that if these relative proportions as to length had 
been maintained in drooping plants, the stamens would 
have been placed lower down than the pistils; and, 
consequently, the pollen when set free would have fallen 
to the ground without coming into contaift with the 
pistiL But, by an obviously designed departure from 
the usual plan, the comparative length of the stamens 
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and pistils has been reversed in drooping flowers, by which 
means the anthers are made still to occupy a superior 
posi^on; and, consequently, when the pollen is set free 
it naturally taUs upon the stigma placed below it In 
noticing this exquisite adjustment Dr Whewell observes 
— "We have here a little mechanical contrivance which 
would have been frustrated if the proper intensity of 
gravity had not been assumed in the reckoning." "There 
is something curious in thus considering the whole mass 
of the earth from pole to pole, and from circumference 
to centre, as employed in keeping a snow-drop in the 
position most suited to the promotion of its vegetable 
health." 

And all men that see it shall say, This hath God done ; Tor they 
shall perceive thai it is God's work. Pa. bdv. 

The love of flowers exists within us almost as a part 
of our nature. It calls forth some of the first cries of 
admiration in the infant, and strews many an innocent 
pleasure on the way through life. In the daisies, the 
buttercups, the dandelions, and other wild-flowers we 
behold the earliest treasures of life, which the hand of 
childhood eagerly grasps, or twines into garlands and 
wreaths. Even more especially do the "green things 
upon the earth" merit our regard for their usefulness. 
Plants give us houses for shelter and ships for commerce, 
and medicines with which to combat disease. They feed 
us and they clothe us. Often we may see the fields 
decked with the blue flowers of a plant which for its 
own beauty's sake obtains a welcome in many a garden 
border, but which is largely cultivated on the farm to 
yield a most useful clothing. It is the common flax. 
From the earliest days of Babylon and E^ypt this plant 
has never ceased to be a blessing to mankind. Speci- 
mens of linen as old as the Pharaohs, wrapped in endless 
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coils round shrunken mummies, liave survived to our 
own time; while paintings on the walls of Theban tombs 
show us with minuteness the process of its manufaflure, 
and prove that it was then essentially the same as now. 
In the flax-plant man finds a thread which by its tenacity 
and flexibility is particularly adapted to be made into 
clothing, while from its hardy constitution it spreads 
widely over the world. Thus it thrives on the mountain 
slopes of India, as well as in Northern Europe and 
America. In this wide distribution it has the superiority 
over its twin blessing — cotton ; for the latter is limited to 
the warmer regions of the globe, and attains perfeiflion 
in comparatively few of them. The cotton-plant was 
also from remote times known in the valleys of the 
Euphrates and the Nile, but from the more complicated 
processes required for its conversion into cloth, it did 
not come into such general use as flax at an early period. 
It was little known in England till the reign of Charles 
I., when it was introduced by the East India Company, 
which was then in its infancy. So long as it was manu- 
fai5tured by hand its use was necessarily much restri<£ted.; 
but at length our countrymen invented that wonderful 
machinery which has brought good and cheap clothing 
within easy reach of a large portion of the human race. 
There are, in faiS, few inhabited spots upon the earth 
into which machinery-manufaiSured cotton does not now 
penetrate. But the history of the cotton-plant points to 
something more elevated than commerce and manu- 
faftures. When we consider that the time of its 
introduiflion into England coincided with the com- 
mencing expansion of our trade — that In the course 
of a century afterwards, when the population of the 
world had much increased and had become accustomed 
to its use, the needful machinery was invented, by which 
the cloth might be produced to an extent somewhat in 
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proportion to the demand — when we think of the per- 
fection and cheapness of the manufaflure, the wide 
penetration of modem commerce into every land, and . 
the aiitive zeal of missionary enterprise — each step being, 
as it were, a preparation for the one that followed — who 
can resist the conviftion that these events are to be 
r^arded not as unconne<5led and accidental, but as 
the planned working of Providence? 

Various plants supply a soft white down which, 
judging by ordinary examination, appears as well adapt- 
ed for manufadluring cloth as cotton itself. But there is 
a strudlural peculiarity inherent in the fibre of the latter 
which distinguishes it not only from flax-fibre but from 
most other vegetable downs; and, which, although so 
minute as to be microscopic, nevertheless distinctly 
marks the purpose of the great Designer. It may here 
be observed that cotton is a vegetable hair enveloping 
the seed capsules, while flax-thread is a kind of fine 
woody fibre of which the stem of the plant is chiefly 
composed. Both are originally round in form; but the 
flax-fibre being strong continues to retain its shape, while 
the cotton-fibre being weak collapses in drying up. In 
the field of the microscope it will be seen that every 
cotton-fibre is flattened into a minute ribbon twisted 
round at intervals upon itself, while its surface and edges 
are roughened and unequal. From this roughness comes 
the invaluable property that when the fibres are twisted 
in the manufacture they cling and lock into each other, 
by which not only is the strength of the thread increased, 
but the inconvenient tendency to untwist observed in 
niatiy other fibres is also obviated. The degree of 
fineness to which, from this peculiarity, cotton-fibres 
may be spun is almost incredible. A single pound 
weight of cotton has been twisted by machinery into a 
thread 4770 miles in length! Such fairy-like thread, it 
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need scarcely be observed, cannot be applied to any 
useful purpose, for cloth made from twist many degrees 
coarser than this, by means of a machine as delicate 
in its a<5tion as a watch, was found to be as fragile as 
a spider's web, and would not bear handling. 

Are we not too apt to take our good gifts as mere 
things of course, and to lose sight of the magnitude of 
a blessing in its commonness? The necessity for clothing 
is, for the greater part of mankind, only second to the 
necessity for food; and flax and cotton stand in the same 
relation to our clothing as wheat and other cereals do 
to our daily bread. If all the health and happiness 
which these two "green things of the earth" have diffused 
among mankind could be added up into one sum, what 
expression would be comprehensive enough adequately to 
represent it? 

The lower animals have their food given to them 
already prepared by the hand of nature; but man re- 
quires not only to cook his food, but often to change 
the original condition of the plant itself whence it is 
derived, and improve it by cultivation. Those cereals, 
for example, on which we now mainly depend for "the 
staff of life" were originally wild grass. They have been 
brought to their present state of perfection by long years 
of cultivation, but they would infallibly relapse into their 
original wildness if they were n^Iei5ted even for a few 
seasons. The same observation applies to the potato^' 
turnip, cabbage, and many other usefiil vegetables. How 
great the skill and perseverance expended in bringing 
them to their present state, and what gratitude is due 
to the King of nature for having prompted us with the 
knowledge necessary to accomplish so beneficial a result! 
In OUT comparatively cold climate the most useful plants 
are bountifully distributed, but a greater labour-payment 
in their cultivation is required than in warmer countries. 
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The tax thus levied must not, however, be regarded as 
altogether without profit. If the climate bring the diffi- 
culty it also brings energetic heads, well-braced muscles, 
and firmly-strung nerves to cope with it. Hence, although 
our fanners are doomed to a constant Btru^le with the 
weather, the soil, and other adverse influences, they 
generally triumph in the end by skill and industry, and 
are able to produce both enough and to spare. 

In tropical countries, on the contrary, as if in com- 
passion to that muscular relaxation and want of energy 
which heat engenders, the earth has been made to produce 
its fruits with comparatively little labour, and the uses to 
which a single plant can be applied are often multiplied 
in a wonderful manner. The list of produi5ls yielded 
by the date palm includes, according to Humboldt, "wine, 
oil, vinegar, farinaceous food and sugar, timber and ropes, 
mats and paper." An allied tree— the cocoa-nut palm — 
which grows without cultivation, is in itself a storehouse 
of everything needfiil to sustain life in those climates. 
Thus it "forms a grateful shade from the vertical sun ; its 
timber serves to build huts, and its leaves to l^atch them. 
The cut sheath of the flowers distils a sweet liquid which 
by fermentation speedily becomes the palm wine so 
eagerly drunk by the natives of hot climates. From 
this liquor sugar may be obtained by boiling, or, if it be 
long exposed to the air, an excellent vinegar is made. 
The nut is most valuable as food, and indeed forms the 
staff of life to the coral islanders of the Pacific ; it likewise 
supplies an oil, equal to that of almonds, which is exten- 
sively used in India. The stroi^ fibres enveloping the 
nut are turned to numerous domestic purposes, while the 
^ell itself may be made into cups or goblets." 

The various climates of the globe have impressed a 
special physiognomy on the flora of its different regions. 
Within the tropics the great stimulants of vegetable 
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growth — light, heat, and moisture — exist at their maxi- 
mum, and there the glories of the plantal world are de- 
veloped in the highest perfeflion. Tropical forests 
surpass all others in beauty, colour, size, density and 
fragrance; but their distinguishing charaiSer is more 
especially stamped upon them by bananas, cocoas, and 
other kinds of palm, and by the bright orchids which gem 
or garland the trees. No description cao adequately 
portray the plantal profusion of tropical vegetation espe- 
cially met with in the jungles and in the recesses of the 
primeval forest, where the surface of the earth is literally 
packed with the abundance of its own richness. Throv^h 
obstacles like these the serpent may creep, or the wild 
beast sheathed in the armour of its thick fur may force a 
passage, but man must cut out his way with the hatchet 
in his hand. On either side of the lane thus driven 
through, vegetation tangled and compressed by plant 
growing upon plant builds itself up like a wall. The 
density of the leafage over-head is in perfefl keeping with 
the requirements of such climates. Strong, protefting 
coverings are necessary to intercept and absorb the fierce 
rays of the sun, and shield the surface of the earth from 
their scorching touch ; they are needed, also, to break the 
fall of the deluge which pours down like a waterspout 
from southern skies. The blackness of the shade may be 
measured by contrast with the vivid points and lines of 
dazzling light which here and there pierce through the 
chinks of the leafy canopy. The course of a river forcing 
its way through the dense South American jungle seems 
hewn out of the woody mass; there are no shelving banks, 
and the forest wall itself dips sheer into the stream. "In 
descending the streams between the Orinoco and the 
Amazon," says Humboldt, "we often tried to land, but 
without being able to step out of the boat Towards sun- 
set we sailed along the bank for an hour to discover, not 
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an opening, since none exists, but a spot less wooded, 
where our Indians, by means of the hatchet and manual 
labour, would gain space enough for a resting place for 
twelve or thirteen persons." There must be something 
extremely captivating both to the eye and the imagination 
in tropical scenery. All travellers speak of it with en- 
thusiasm, and with that lingering affedtion in which 
memory embalms only a few of the places one visits in a 
lifetime. Of the environs of some Brazilian cities Darwin 
thus writes:— "While quietly walking along the shady 
pathways, and admiring each successive view, I wished 
to find language to express my ideas. Epithet after epi- 
thet was found too weak to convey to those who have not 
visited the intertropical regions the sensation of delight 
which the mind experiences, I have said that the plants 
in a hot-house fail to communicate a just idea of the 
vegetation, yet I must recur to it The land is one great 
wild, untidy, luxuriant hot-house, made by nature herself, 
but taken possession of by man, who has studded it with 
gay houses and formal gardens. How great would be the 
desire in any admirer of nature to behold, if such were 
possible, the scenery of another planet! Yet to any per- 
son in Europe it may be truly said that, at the distance of 
only a few degrees from his native soil, the glories of 
another world are opened to him. In my last walk 
I stopped again and again to gaze on those beauties, and 
endeavoured to fix in my mind for ever an impression 
which at the time I knew sooner or later must fail. The 
form of the orange-tree, the cocoa-nut, the palm, the 
mango, the fern-tree, the banana, will remain clear and 
separate; but the thousand beauties which unite them 
into one perfefl scene must fade away; yet they will leave, 
like a tale told in childhood, a pi<Sure full of indistinct, 
but most beautiful figures." 

Here is another sketch of southern vegetation, drawn 
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by Piazzi Smith during his excursion to Teneriffe: — 
"When walking at mid-day in one of the basalt-paved 
streets, each glittering stone sending back the full rays of 
a vertical sun, and the gleaming houses on either side 
affording a steady, white, hot glare of unmitigated sun- 
shine, what words in a northern language can express the 
delightful emotions, when at the open gateway of one of 
the semi-moorish abodes we look Jn upon a grove of 
bananas! Throwing a tender green shade over the in- 
terior court, their grand and delicately-strudlured leaves 
rise up aloft, catch the fierce rays of the sun before they 
can do mischief, receive them into their substance, make 
them give out the most varied yellow greens; pass them 
on from leaf, to leaf subdued and softened — pass them on 
to the oleander's fountain of rose-pink flowers, to the 
dark-green of the orange-like myrtle and the bay; and 
leave jvist light enough at last in the green cavern below 
to shew the bubbling of some tiny fountain — the welling 
heart of the fairy oasis." 

By a long series of gradations we pass from such 
piiftures of tropical splendour to the desolate far north, 
where the physical conditions we have been considering 
are reversed, and where light, heat, and moisture are at a 
minimum. Still, even into this inhospitable climate a 
meagre vegetable life extends. There is, in fai5l, no 
latitude into which man has penetrated where plants do 
not exist; and it may be confidently predicted that, if 
land should be found under the poles, there also a flora 
will be seen to flourish. Covered up in its blanket of 
snow there is a lichen on which in the winter time the 
Esquimaux can contrive to exist when other provisions 
fail, and it was by means of this plant that the boat-party 
detached from Kane's expedition beyond Smith's Sound 
were saved from starvation. As the short, polar summer 
advances, and the ground begins to be bathed day and 
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night in warm sun-light, vegetation springs up upon the 
surface with a bound. Scarcely has the last snow-flake 
melted before the earth is carpeted with the softest, 
shortest, greenest grass. In propitious spots the saxifrage, 
primrose, anemone, ranunculus and wild thjone crop up 
and brighten the dull surface with their pretty flowers. 
With these are associated the scurvy-grass and the sorrel; 
plants which may well be deemed providential in a 
climate of which scurvy is the direst scourge. 

It has been computed that the earth is enriched with 
at least 100,000 different kinds of plants. The seed is 
brought forth with a profusion which not only provides 
amply for the increase of the species, but which generally 
leaves a large supply over and above to serve as food for 
birds and other animals. It is remarkable what pains 
nature takes to distribute the seed. The chief sower is 
the wind, which blows the seed about until a suitable 
spot has been found. Many seeds are furnished with 
feathery appendages, which may be compared to wings or 
sails, in order that they may more easily catch the breeze 
and be wafted through the air. De Candolle tells us that 
the seed of the rose of Jericho does not ripen until the 
season is so far advanced that every drop of water has 
been sucked out of the soil. It would answer no good 
purpose were the seed to be allowed to fall upon such 
arid ground, but nature comes to the rescue by one of 
her curious devices. Under the influence of the scorch- 
ing sun the branches dry and shrivel up into an irregular, 
elastic ball. By and by the wind of the desert, as it 
sweeps along the dusty plain, catches the plant and tears 
it up by the root. The ball rolls easily over the surface, 
and is driven to and fro until it sticks fast in some little 
oasis or spot of moisture. During this rough journey the 
seed-vessels hold their precious contents firmly and safely; 
but 00 sooner do they perceive the signal of moisture 



>^ .OO'^lc 



240 Green Things upon the Earth. 

than they open freely, and the seed failing on "good 
ground" springs up rapidly. 

Though much seed is lost — ot at least does not 
germinate — nature takes care that every spot of earth 
shall be supplied with the vegetable growths that suit 
it What wonderful efforts, so to speak, are sometimes 
made to stock new land with plants! An eminent natural- 
ist, after describing the beauty of the cocoa-nut groves 
that flourish on the Coral Islands of the Pacific, has 
suggested the chapter of "designed accidents" to which 
they owe their origin. When the island first emerges 
from the deep it is a barren reef of limestone rock, 
ghttenng white and bright under a tropical sun. In 
process of time patches of chalky mud and sand, form- 
ed upon its surface by the rain and waves, are washed 
into clefts and sheltered places along the shore. The 
island now begins to be fit for vegetation, and, strange 
though it may seem, the cocoa is usually one of the 
first plants to appear. How does the seed get there? 
The bulky nut is too large to be carried by birds, and 
ships avoid the reef as a source of danger. A stray 
cocoa-nut that grew in far distant groves, after being 
long the sport of storms and currents, has hit upon 
the new spot in the lone ocean. Cast ashore by the 
surf, it has at last fixed itself in one of the muddy 
clefts, where it finds enough of nourishment for its 
growth. In process of time a young plantation of 
descendants is established around. The fall of the 
leaves and the decay of each succeeding generation 
add to the stock of mould and supply the soil for a 
more varied flora until at length the bare, white reef 
is changed into a scene which sailors describe as an 
earthly paradise. 

With what orderly providence all the steps of this 
long operation succeed each other. There is, first, the 
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emergence of the bare rock, and the preparation of a 
little store of mud. Then some palm tree, growing 
perhaps hundreds of mites away, drops a nut which, 
rolling into the neighbouring stream, is carried down- 
wards into the sea. Thus is it launched upon a seem- 
ingly random and useless voyage — a waif of the ocean, 
unseen by man, but guided by the hand of Providence. 
Encased in its armour of shell, against which wind and 
wave beat in vain, it seems as if construiSted on purpose 
to carry a life-freight in safety across stormy seas. Soon 
the current takes it in possession — slowly it drifts along— 
months perhaps roil on, and the cocoa-nut is still sailing 
on its mission. Rocks are avoided against which it might 
have dashed, and shores on which it might have been 
stranded, until it arrives at last at the lonely spot in 
the wide ocean, and then the surf casts it ashore into 
its destined cleft where the little patch of mud is ready 
to receive it 

There is a period of helplessness in the life of a 
plant when it is dependent on the provision that has 
been made for it by its parent, and which corresponds 
very closely to a similar period in the life of animals, 
A seed may thus be compared to an egg. The greater 
part of the bulk of an egg consists of nutritive matter 
which the embryo chick absorbs, until it is sufficiently 
developed to break its prison shell and shift for itself. 
In like manner the greater part of the seed consists 
of nutritive matter which is absorbed by the embryo 
plant, until it is sufficiently developed to provide inde- 
pendently for its own growth by sending its root down 
into the soil and its stem up into the air. How strik- 
ingly is providential care displayed in the different 
phases through which a seed passes! The old plant, be- 
fore parting with its tender offspring, softly envelops it 
in a thick, warm blanket of starch, and covers this over 
16 
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with the tough, dense wrappers of the seed, in order 
that the hfe-spark within may sleep in safety through 
the winter, until spring wakes it into aftivity with her 
signal calls of light and heat This starchy substance 
is insoluble, and, therefore, easily preserves itself against 
the melting influences of damp or rain. But this very 
quality, which protefls the starch so well during the 
winter, is a fatal bar against its being used as nourish- 
ment by the embryo plant, whose delicate powers of 
assimilation enable it to feed only on substances that 
are soluble. To meet this necessity a process of vital 
chymistry is instituted on the approach of spring, by 
which the insoluble starch is converted by a kind of 
fennentation into a soluble saccharine substance called 
"diastase." On this the germ can &&. readily, and it 
thus obtains abundance of food. Everybody must have 
observed how potatoes change as spring comes on. 
Their mealiness, that is a portion of their starch, is 
gone, and they have become waxy and sweet Their 
value for the table is impaired, but their fitness to serve 
as seed has been secured. There is no " spoiling," as 
is often thought. The covering which kept out the 
rain now splits to allow the passage of stem and root; 
and the blanket which kept out the winter cold, 
being no longer needed, is put off at the command of 
nature, or, rather, it begins a new phase of usefulness 
by converting itself into a soluble substance on which 
the young plant can feed. 

How happens it — is it from contrast merely, or 
from revived associations, that "green things" never 
seem more attractive than when they greet us unexpeift- 
edly in the midst of crowded cities? Buried though the 
Londoner be in his labyrinth of bricks, he is yet happily 
within reach of those beautihil parks where nature blends 
itself so charmingly with art, and where at leisure hours 
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he can relax the tension of his thoughts by watching 
the annual return of spring and summer. But did the 
reader ever stumble upon a patch of verdure in the midst 
of the noisy, bustling city, hidden between railings and 
gables, with, perhaps, the not unfrequent plane tree 
rising in the centre and diffusing shade and freshness 
around? The hum of London traffic breaks softly there 
upon the ear, like the dull sound of a distant sea, and 
soothes rather tlian disturbs. All is wrapped in almost 
cloister silence. In summer, besides the shade, there 
is the pleasant coolness produced by the evaporation 
going on from the beautiful broad leaves. Instead of 
fiercely reflefting the hot glare of the sun, like the stony 
desert in which it is set, the plane gratefully absorbs a 
portion of the light for its own use, and then sends back 
to the eye the rest, softened into refreshing green. It is 
curious to think how many of those verdant oases still 
survive in the old heart of modern Babylon, even where 
the bricks are thickest on the ground; and never do 
they disappear at the summons of the architeift or the 
engineer without leaving behind them remembrances 
of regret. 

We have often thought that one of the most pleasing 
sights to be seen in St Giles' or Spitallields are the flower- 
pots, including broken jugs and battered, lidless coffee- 
pots, in which many a decent family tries, not unsuc- 
cessfully, to coax a little verdure to abide with them 
throt^hout the year. So also, when we escape by rail 
from London, and skim over the house-tops of some 
densely peopled suburb, what eye does not dip with 
kindly glance into the httle gardens marvellously wedged 
in between the backs of humble streets. There the busy 
workman contrives to find time and heart to wage con- 
stant war with city dust and falhng "blacks." There, in 
the intervals of toil, he changes the scene, and finds 
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himself face to face with nature. There he can note 
how plants grow, how seeds germinate, how the root 
grasps the soil, how the foliage bursts forth, how summer 
ripens the fruit and autumn strikes down the leaves. 
Thus, though fate claims him for the town, he is not 
absolutely cut off from the "green things upon the 
earth;" and in his cherished spot of garden he finds 
ideas that link his thoughts with country scenes. 

Among "green things" trees stand out preeminently 
as the grandest of God's works. In beauty they are 
surpassed by no other kind' of plant, while in height, 
size, and strength they have no rival among living 
things. When polished many kinds of wood exhibit 
a variety of colour and figure which may compete with 
the finest marble. In its physical qualities wood is 
admirably adapted to our use. Thus many kinds are 
soft, like pine or poplar; others hard, like oak or holly; 
some light, as cedar or lime; others SO heavy that they 
sink in water, like ebony or lignum vitae. The yew 
has a durability expressed in the proverb that "a post 
of yew will outlast a post of iron." Some are remark- 
able for their toughness, like the ash. In short, there 
is hardly any quality rendered necessary by the thou- 
sand purposes both of use and ornament to which wood 
is applied which is not to be found in one kind or 
another. How much this variety contributes to the 
comfort and resources of our daily life need not here 
be pointed out, and none can fail to see in it an evi- 
dence of the care with which our Father has foreseen 
and provided for our wants. Favoured beyond most 
other living things, there is for trees no age that excludes 
beauty — not even the period of decay. What a goodly 
sight it is to see an old oak battling with time ! The 
sturdy monarch yields only inch by inch to the power 
that conquers all things, and he strives to avert his fall 
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with dignity and pi(5turesqueness. The bole is rugged 
with the scars that were left ages ago, when the huge 
arms of his strong days were torn from his side by the 
storm; and it is breached here and there with gaps and 
fissures which it has taken centuries to chisel out, but 
through which all-conquering Time, baffled elsewhere, 
is fsun to enter in and gnaw out a way to the heart. Of 
the trunk that once formed an emblem of strength but 
a shapeless fragment remains; yet in the midst of ruin 
the brave old oak still sends forth to every spring its 
accustomed tribute, whose green freshness stands out 
in curious contrast to the withered stem that bears 
it up. Following the universal law the old tree in- 
stinctively fights for life, and shrinks from ceasing to 
eidst. 

Trees are full of interest as the broadest living links 
that bind us to the past. There is nothing else with 
life that bridges across the middle ages and carries us 
back into remote antiquity. The oldest forest patriarchs 
were planted long before history occupied herself with 
chronicling such events, still there are other means by 
which their age may be approximately detevnined. 
There are, perhaps, in England as many oaks named 
after William the Conqueror as there are old, feudal 
towers attributed to Julius C;esar, and there are at least 
some trees in existence to which even a higher antiquity 
may be assigned. The oldest and largest tree of which 
Windsor can boast is the " King Oak," which Loudon 
tells us is said to have been a favourite with the Con- 
queror when he enclosed the forest. It is twenty-six 
feet in circumference, and is supposed to be a thousand 
years old. More famous still is the Winfarthing oak, 
near Diss, in Norfolk, which tradition asserts was known 
as "the old oak" even in the Conqueror's time. Im- 
mediately above the root its circumference is seventy 
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feet, and forty feet at the middle of the bole. According 
to the best authorities this oak is beUeved to be not 
less than 1500 years old! Not many buildings now 
existing, except in ruins, are so ancient as this tree. 
In the Conqueror's time it might well be called " old," 
for it had then seen some seven hundred sumraers. It 
was an old tree when Alfred, the Great was lighting the 
Danes and foundii^ the English monarchy; in fa<5t, it 
may be said to have lived through the whole "History 
of England." Another tree, the sober-mantled yew — 
associated in our thoughts with the peaceful parish 
church-yard — attains a remarkable size and longevity. 
Numbers are to be found with a girth of 25 or 27 feet; 
and there is one at Ankenvyke, near Windsor, which 
is believed to be 1000 years old, and which, therefore, 
must have been flourishing in ripe maturity when king 
John was signing Magna Charta on the neighbouring 
Runnymede. Another famous yew grew near Foun- 
tain's Abbey, whose age, as indicated by the concentric 
rings of its trunk, must have been about 1214 years. 
Scientific deduction was in this instance corroborated 
by liisV>ry; for it is on record that, while the abbey was 
being built in 1133, the monks were accustomed to take 
shelter under it from the rain. Mention is likewise made 
of another yew which must surely have been the Me- 
thuselah of its tribe, for its age, as deduced from the 
usual structural evidence, carried it back over a space 
of 2880 years. Admitting this estimate to be true, the 
tree must have been planted about the time when 
Solomon began to reign in Israel The great botanist, 
De Candolle, believed that the age of the famous Bao- 
bab of the Cape de Verde Islands, whose circumference 
is 109 feet, reached far beyond the period mentioned. 

Hardly less interesting than these celebrated trees are 
the lineal descendants and last existing remnants of the 
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primeval forests which in the time of CKsar and Tacitus 
covered our Island. A few of these oaks, with the badge 
of their ancient pedigree strongly stamped upon them, 
still linger on in several places ; and their venerable aspect 
never fails to suggest that they belong to an older race of 
trees than the modem generations that flourish around. 
Such are the noble oaks of Cadzow, near Hamilton, 
the true descendants of those Caledonian forests which 
root back beyond the beginning of Scottish history. In 
various parts of the "middle south" of England, near 
Croydon for example, one stumbles now and then upon 
a group of these patriarch oaks, living all apart by them- 
selves, and far out of the way of woods and parks. A 
single glance proclaims their ancient descent, and we 
recognise in them the last survivors of the forest of 
Andred's Weald, which in days of yore spread widely 
over this southern distriift of England, 

Among all the "green things upon the earth" which 
court our notice by their beauty there are none which 
creep in about our hearts like certain individual trees. 
They stand apart by themselves, and are regarded by us 
with what we must call a sentiment of affeflion, if such 
an expression may be used towards a tree. We have 
come to know them s» well, that we begin almost to 
fancy they must know us. Trees, moreover, are objeiSls 
round which memory twines some of her firmest cords, 
and not unfrequently they appear as the very starting 
points of our recolle6tions. With advancing years the 
scenes of early life grow dim in spite of every effort to 
retain them, and in looking back at the vanishing picture 
we often see the form of a favourite tree in the remote 
distance. Some of our own earliest remembrances cleave 
with tender interest to an old laburnum. In those far 
off days it was our ship. In growing it had spread 
quaintly into three stems— these were the masts; and the 
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branches, by which we swung ourselves from one to the 
other, were the ropes and rigging. Sometimes it was 
calm, and then we reposed lazily among 'the leafage; at 
other times, a gale was supposed to blow, which we 
gallantly rode out among the waving branches. But the 
invariable climax of our enjoyment was to fancy ourselves 
shipwrecked, and then with loud shouts we swung and 
clambered about from one branch to the other in all the 
pleasurable excitement of imaginary danger. There is 
nothing that brings bacic the treasured feelings of early 
boyhood with greater freshness than the sight of that old 
tree. Most people, no doubt, have their laburnum. 

How wonderful is the circulation of the sap ! Look 
at a huge tree. Let the eye girth its full proportions, 
glance up the stem, follow the branches, and try to 
estimate the twigs and leaves. Then let imagination 
trace the corresponding labyrinth of root and fibres 
underground. How wonderful to refleft that, during the 
greater part of the year, a stream of sap gathered from 
the soil is aftively flowing upwards through root and 
stem, branches and twigs, to every single leaf in all that 
tower of foliage. How mighty the intelligence which has 
accurately meted out to each microscopic current its 
proper strength, so that it shall neither flag from want of 
impulse, nor, like an ill-regulated torrent, burst its chan- 
nel and destroy instead of supporting life. In the higher 
classes of animals, with a circulation that is both shorter 
and less opposed to gravity, there is a central heart to 
pump, and elastic vessels to convey the blood; but here 
there is no heart to urge on the current, and the vessels 
are, for the most part, stiff", unyielding tubes. The forces 
that achieve this wonderful result are somewhat obscure. 
Transpiration from the leaves may exert a suflional 
adion. Chemico-vital agencies are doubtless busily at 
work. Capillary attraiftion assists, and more especially 
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that curious power by which thick fluids attradl thiri 
fluids through membranes such as cell-walls, and to 
which the term endosmose is applied. 

In all that relates to the "green things upon the 
earth" we see evidences of design and care not less 
striking than those we admire in the animal kingdom. 
Thus leaves and roots have a power which reminds us of 
the instinft possessed by animals. For example, leaves 
cannot perform their funiflions without light; hence they 
invariably seek it out, and present to it their upper 
surface. In whatever position the seed is placed in the 
ground the root will turn downwards, while the future 
stem will grow upwards. Again, the roots of plants 
contain numerous absorbent vessels, of which the ultimate 
extremities, or "spongioles," are surrounded by a mass of 
tender cells, forming a kind of spongy membrane through 
which the nutriment derived from the soil must pass in a 
state of solution. Now these rootlets possess a certain 
discrimination, or power of selefling food, and of reject- 
ing what would be poisonous or hurtful. Besides this, 
they seek out the nourishing patches of the soil, and 
have a way of divining, as tf instindlively, where the rich- 
est food is to be obtained. The root of the famous vine 
at Hampton Court once fell under the attrai5live influence 
of a neighbouring sewer, and aiSually forced its way 
through solid masonry in order to reach it. Another 
instance of what we are tempted to call the instin6live 
sagacity of roots in their efforts to obtain nourishment is 
given in the Gardener's Magazine. Near the river Leven, 
in the West Highlands, a shoot was thrown out from the 
bole of an old oak, about 15 feet from the ground. 
Receiving, as it would appear, insufficient nourishment 
from the tree, the shoot sent a root first down to the 
ground, and then about 30 feet onwards across a bare 
rock, until it met with a patch of suitable soil, in which it 
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imbedded itself. Few things connedled with plants arc 
more remarkable than the certainty with which they 
deted crevices in walls, of which they take advantage to 
pass through in search of food. The tendpr rootlet first 
insinuates itself, and then, under the thickening and 
hardening process of subsequent growth, it becomes an 
ever-widening wedge, which forces its way through the 
densest soils, loosens blocks of masonry, and rends even 
solid slabs of rock. 

Leaves are the lungs, or gills, of plants, where, as 
in the higher orders of anioials, the nutritive fluid or 
sap is perfcdled by the adtion of the air for the pur- 
pose of forming the different tissues and secretions. 
They might equally be termed aerial roots, for they ex- 
tra<£l from the air the chief portion of the carbon, cw 
charcoal, of which the wood and the other solid paits 
of plants mainly consist. As carbon is a solid substance, 
it was essential that it should assume the gaseous state 
before leaves could a<S upon it The Creator, there- 
fore, combined it with oxygen, so as to convert it into 
carbonic acid, in which condition it readily diffuses it- 
self through the air, and sweeps over the surface of every 
leaf. Not only has it been arranged that the mixture 
shall be most intimate, but also that it shall be of uni- 
form strength, and that no part of the atmosphere into 
which plants can penetrate shall be without its due 
proportion. When stimulated by light, therefore, plants 
are always at work upon the carbonic acid of the air, 
decomposing it into carbon with which they build up 
their tissues, and into oxygen which they set free into 
tJie atmosphere. 

It is ever the thrifiy plan of Providence to com- 
bine the performance of the fundlions of one order of 
living beings with the relief of the wants of another; 
and thus all parts of the animated world are linked 
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together by the beneficial interchange of good offices. 
Not for their own advantage only do plants pick out 
the carbon from the atmosphere; for in setting the 
oxygen at liberty they purify the air and render an essen- 
tial service to the whole animal world. The carbonic 
acid which plants eagerly utilise is a poison so deadly 
to many air-breathing animals that a very few inspira- 
tions of it, in a concentrated state, are sufficient to 
destroy life; while an atmosphere containing even so 
small a proportion as ten per cent would be fatal to 
man if inhaled in ordinary respiration. Yet, as is else- 
where pointed out, the air is being continually flooded 
with this poison. It is given off abundantly from the 
lungs, and volumes of it are poured into the air during 
the combustion of substances used for light and fuel. 
Occasionally it streams from cracks in the earth, espe- 
cially in volcanic countries, and it is continually rising 
from certain mineral waters. It is, therefore, obvious 
that, had no provision been made for removing the 
poison, the accumulation of it resulting from all those 
sources would have gradually contaminated the air to 
an extent incompatible with life. But the Great Creator 
has so admirably clsnstituted the living world that 
what would be death to animals is life to plants, and 
that what we get rid of as a poison, they necessarily 
seize as food, while by that very aft they restore to 
us the atmosphere in healthy purity. Thus the alter- 
nate conversion goes on in an endless chain. Nothing 
is lost or created in vain; for the waste and refuse of 
ODe kingdom becomes the life of the other. 

Although oxygen is liberated by plants during the 
day, the process is of course invisible when performed 
in the air. It is different with aquatic plants, for as 
they operate on and decompose the carbonic acid gas 
difiused through the water, bubbles of liberated osgrgen 
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are seen rising to the surface. The process, indeed, 
forms one of the attractions of the vivarium, in which 

the plants are studded all over with myriads of bright 
air-bells. On a larger scale the same operation may 
be observed going on, while the sun shines, in every 
pond and brook in whose waters vegetation is found. 
In every one of these hells there is a minute contri- 
bution towards the purity of the atmosphere; and 
the resulting aggregate of oxygen obtained from all 
the plants in the world is just sufficient to counteraft 
the effeift of the various causes constantly tending to 
deteriorate it. Thus no plant on which the sun shines 
— whether it flourish on the surface of the earth or un- 
der the water — exists in idleness or passes a useless 
life. All work for nature in their appointed way. 

Under certain circumstances, and more especially 
when the air is moist, leaves absorb much invisible va- 
pour and grow rapidly. Some plants, even when they 
are removed from the ground and hung up in the con- 
servatory, absorb enough of carbon and water to keep 
themselves in a tolerably healthy state; but, as a general 
rule, the chief supply of moisture is taken in from the 
ground. The excess of water absorBed is transpired by the 
leaves, and thus the juices of the plant are maintained at 
the healthy degree of concentration. In hot weather the 
balance between the absorption and transpiration of water 
is destroyed; and as more water passes off than comes in, 
plant-life languishes and droops. At the close of a sultry 
day in July there is an enjoyment to be derived from 
watering plants which in a certain far-off way reminds us 
of giving drink to a thirsty man. It is one of those 
pleasing labours which we do not tike to see thrown away 
upon anybody who finds nothing in them but the fatigue. 
Is it extravagance to say that our sympathy is touched 
when we mark the signs of suffering which our favourites 
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so naturally express? and is it not difficult altogether to 
divest ourselves of the impression that plants enjoy the 
refreshing shower in some mysterious way of their own? 
Never do they fail to repay the little service with prompt 
gratitude. Scarcely have the reviving drops fallen upon 
them before they begin to raise their drooping heads, and 
to signal their thanks to us out of every stiffening leaf 
and flower. Their whole being freshens and breathes, 
expands, inhales, exhales. Their air of flaccid languor 
disappears as if by magic, and they chann us once more 
by their look of renovated vigour. 

There is a grassy looking weed that grows among the 
sand near the sea-shore. Thousands in their rambles 
pass it by unheeded, or notice it only as an unattra<ftive 
emblem of sterility. It is so coarse in substance that 
even hardy cattle turn from it with disdain. Yet this sea- 
reed, Arundo arenaria as it is called, performs such 
useful service to man that its presence in this particular 
situation cannot be deemed less than providential. Many 
low-lying coast-lands require to be defended not only from 
the sea, but also from the sand cast ashore by the waves. 
This loose sand gradually accumulates, is driven hither 
and thither by eveiy gale of wind, and has a tendency to 
encroach upon the fertile fields, and convert them into 
desert wastes. The threatened danger is averted by this 
humble reed, and the slightest consideration of its habits 
demonstrates that it was specially created for the purpose. 
While most plants instinilively seek out the richest soils, 
this one prefers the driest sands. The gritty storms so 
often raging around, which would destroy the tender 
organization of other plants, beat harmlessly against the 
flinty coverings of this hardy reed. In striking its roots 
into the sand it binds the loose particles together; and, 
as its sapless-looking tufts rise above the surface, they 
arteit the stony current as it drifts along, and consolidate 
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it into little mounds. In process of time these are piled 
up into the well-known hillocks by the growth and decay 
of coundess generations of tufts. Such sand-hills are 
common in various parts of Britain where the coast is 
low; but they are seen on a more extensive scale in the 
rugged "dunes" which stretch in almost unbroken suc- 
cession along the shores of Holland. Not only do they 
intercept the devastating progress of the sand, but they 
likewise form the stoutest bulwark against the encroach- 
ments of the sea. 

The common broom has long been known in the 
Landes of Aquitania as a means of binding the low-lying 
tra<5ls of sand, and preparing them for the growth of 
pine-forests. Professor Piazzi Smyth informs us that there 
is a kind of mountain-broom which grows on the sterile, 
shifting lava-sands of the Peak of Teneriffe, more than a 
vertical mile above the level of the sea. "How wonder- 
ful,"he eloquently remarks, "the adaptations of nature to 
the necessities of various regions ! For here, where the 
ceaseless motion of the sliding particles composing a 
hill's sides destroy every other living thing, where the 
aridity of the soil during many months is only surpassed 
by the aridity of the air, which is drier than that of 
the Sahara, nature has produced a plant that on the mere 
remembrance of winter rain long since evaporated, can 
furnish no contemptible supply of wood; and which, with 
its richly stored white flowers, arranged in close rows 
along its smaller branches, affords illimitable honey- 
making materials to all the bees of the country." 

The most serviceable properties of wood— hardness 
and strength — have been secured by the peculiar way 
in which it has been designed that wood should grow. 
If the comparatively tender sap-vessels and cells contain* 
ed in the tree had been equally dispersed throughout its 
whole thickness, the general condition of the timber would 
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have been soft and prone to lot, and the fonnation of 
that diy, hard and central part, which from its soundness 
is called the heart-wood, would have been prevented. 
Nature, therefore, with the intent of making her work 
more useful to man, has collei^ed the main channels of 
the sap immediately under the bark. It is here that the 
layer of mucilaginous cells and vessels is found, to which 
the term cambium is given. This is the chief laboratory 
of the tree, and here the principal formative operations 
are carried on. Thus, on the outer side of the cambium, 
the cells are periodically laid in the order which prepares 
them in due time to assume the functions of the bark; 
while, on the inner side of the layer, the cells are arranged 
so to form new wood. The aimual time of wood-manu- 
facture corresponds to the season of the year during 
which the circulation of the sap is a(5live; and it stops in 
winter when the flow of the sap has been reduced to the 
lowest degree compatible with the preservation of life. 
Every year's increase is a distiniSl and separate contribu- 
tion to the thickness of the tree, and is represented ever 
afterwards by one of those "concentric rings" with which 
all are familiar in cross seiflions of the stem. From its 
mode of formation, therefore, each concentric ring indi- 
cates a period of one year, and the entire number forms 
one of the most reliable data from which the age of the 
tree may be estimated. This rule, however, does not 
apply under all circumstances. In trees that are ever- 
green, for example, the circles are indistinfl., because, as 
the leaves are always present, the interruption to the 
circulation of the sap, on which the line of separation be- 
tween the circles depends, does not at any season occur 
in so marked a manner as In trees that are deciduous. 
In some equatorial countries with peculiar climates there 
are, it is said, several distimfl periods of growth followed 
by intervals of repose during every year. It has been 
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asserted that, in certain parts of tropical America, minute 
rings in trees are sometimes to be found for every 
month in the year. 

From the way in which the wood-mass of the tree is 
thus built up year after year in regular "courses," it fol- 
lows that the worst, or at least the softest timber, is found 
towards the outside of the trunk. Within this layer, and 
more especially as the centre is approached, the hardness 
of the wood increases, because no new growth is being 
carried on there, and because the old lignite cells, which 
were comparatively soft when originally deposited, have 
in the course of years gradually become blocked up, 
solidified, and hardened by the thickening of their walls. 
When we refledt that, in the roots of trees, the sap-vessels 
are distributed through the whole substance, making the 
wood soft and useless; while, in the stem, this order 
has been changed, and they have been collefled under 
the bark, by which means the chief bulk of the timber re- 
mains hard and serviceable, It is impossible not to perceive 
that there is here the clearest evidence of that beneficent 
design to satisfy our wants in which we recognise the 
hand of our Heavenly Father. 

One of the most mysterious properties of plants is 
that of regulating their temperature. The tivigs of the 
tree are not frozen through in winter, neither does their 
temperature mount up in summer in proportion to the 
external heat. Their vitality proteifts them equally from 
both extremes. The bark, moreover, with its loose tex- 
ture and included air, is a bad conduftor, and forms, as 
it were, a greatcoat in which the plant is wrapped up. 
Many trees perish from cold when stripped of their bark. 
The surface evaporation in summer produces, no doubt, 
a freshness in the leaves, and we know how cool they feel 
even in hot days. But evaporation does not explain this 
peculiarity in many kinds of fruit that are encased in an 
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envelope of closest texture, through which evaporation is 
difficult if not impossible. The coolness of fruit in hot 
climates is remarkable. Dr Hooker relates that the juice 
of the milky Mudar, growing by the side of the Ganges, 
was found to have a temperature of 72° Fahrenheit, while 
the damp sand on which it flourished was scorching in a 
heat that reached from 900 to 1040. But, in order to 
enjoy the coolness of tropical fruit in perfection, it must 
be eaten soon after it has been gathered. With the ex- 
tindtion of life its power to resist heat ceases also, and 
by filing under the same laws as other dead matters, it 
soon acquires their temperature. In our survey of the 
"green things upon the earth" let us ever gratefully 
remember the means which they providentially supply for 
combating the diseases to which flesh is heir. Herbs 
possessing medicinal virtues are, like mineral waters, wide- 
ly distributed over the globe. The most valuable drugs 
may, perhaps, be considered as belonging more especi- 
ally to tropical countries, where the stimuli of light and 
heat develope in perfedlion the various vegetable prin- 
ciples to which they own their virtues; but commerce has 
abundantly placed most of them within our reach. Yet 
even to countries situated in higher latitudes Providence 
has been bountiful. As for ourselves, it may be affirmed 
that, were the supply of foreign drugs to fail, we could 
still obtain from our native plants a "materia medica" of 
the utmost value. Time was when every abbey and 
monastery in the land had its "physic garden" and stores 
of simples; and when the priest, on whose skill the whole 
district was dependent, searched the woods and fields 
and river banks in quest of the herbs with which he was 
to assuage suffering. 

As autumn draws on, the leaves begin to prepare for 
a new sphere of usefulness; for as yet they have been 
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passing through one phase only of their mission in 
nature's economy. Yet what a life of serviceable aiftivity 

has been theirs since they issued from the bud in spring! 
First, let us thankfully adcnowledge how much they have 
contributed by their beauty to gladden the aspe6l of the 
earth. They have moderated evaporation from the soil, 
and shielded it from excessive heat and cold. Under 
the thick foliage cattle have sought shelter from sun and 
storm, and many a timid creature has found in it a safe 
refuge against pursuing enemies. Every single leaf has 
done its part in the work of perfecting the sap of the 
plant on which it lived. And leaves have purified the 
atmosphere from the poison with which it was contamin- 
ated, and have prepared it anew for the respiration of the 
animal world. But now "the turn of the year" is creep- 
ing upon them. Their pleasing tints of green are passing 
into warning shades of red and yellow. The flow of sap 
grows languid in their veins, and the sharp night frosts 
shrivel and crisp them up. The melancholy "fall" is at 
hand. The vitality of the shed foliage is gone, and it is 
about to come under the aiSlion of another Power of the 
Lord. No longer upheld by life, the leaves must yield 
themselves, like the other dead matter around, to the 
inexorable laws of chymistry. Wind and weather will 
soon break up their delicate texture, until, reduced at 
last to mould, they will mix with and enrich the soil, and 
serve in their turn as food for other plants. Not a leaf 
will be lost, for each will contribute something towards 
the general good. Thus amid the boundless profiision of 
nature economy is ever the ruling law. The fragments 
are gathered, and nothing is wasted. Bountifulness and 
thrift go hand in hand. 

Rich are the recolle<Sions of enjoyment associated 
wjtji the hours spent among the "green things of the 
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earth," when every sense we possess was gratified in its 
turn. There was beauty for the eye, perfumes floated in 
the air, and sounds that were sweet and fascinating broke 
pleasingly upon the ear. The treat was one we could 
not prize too highly, for our Father himself had spread it 
out before us for our enjoyment Nature might have 
been made dull, colourless, silent, and unattraiftive, or 
we might have been formed without the power to appre- 
ciate it; but the Creator has made it lovely, and has 
given us minds to see and feel its loveliness. Shall we 
not, then, cherish the gift? Can we for a moment doubt 
that, if we negle<5l or despise it, we are frustrating the 
purpose for which it was bestowed? 

Our Lord himself illustrated many of his precepts by 
examples derived from the vegetable kingdom. The 
lilies, the wheat and the taxes, and the grain of mustard- 
seed, are all associated in our minds with His teaching. 
Moral lessons — calls to duty — causes for thankfulness- 
reasons for praise— and the desire to adore, flow gently 
in upon our thoughtful contemplations in field and forest 
In surveying "the green things upon the earth" we see 
how unspeakably our Father has blessed and cared for 
us. We look and analyse, we trace, calculate, and study 
the All-merciful and the All-wise, and our hearts are filled 
to overflowing with " wonder, love, and praise." 

"Let all thy works praise Thee, O Lord," or, as it 
might be expressed. Let Thy children, inspired by the 
contemplation of thy works, praise Thee, as the Psalmist 
exhorts, "with understanding." Viewed in this light the 
plantal world is no longer silent, but justifies through us 
the invocation of the Benedicite. It speaks in a language 
almost infinitely varied, but the lofty theme it proclaims 
is ever the same. Like the " voices of the stars," the 
green things upon the earth are truly a fair Hymn of 
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Praise written all over the land, not in dull words, but 
in living charaiSers of beauty. May we not also regard 
them as smiling monitors placed everywhere around our 
path to whisper to us thoughts of God's greatness and 
love? 



...Cooi^lc 



BEASTS AND CATTLE. 



O all ye Beasts, and Cattle, bless ye the Lord: praise 
Him, and magnify Him for ever. 



F all die scientific objects of man's study, Natural 
I History is, after Astronomy perhaps, the most 

I fascinating. Its class-room is the fair field of 

nature, while its details not only charm us by their 
intrinsic interest, but, by exhibiting the perfection with 
which every creature has been constru6led with reference 
to its way of life, lead our thoughts adoringly upwards to 
the Creator. No pursuit forms a more healthy relaxation 
for the body, or a better training for the mind. It exer- 
cises memory, patience, judgment and reason; it cultivates 
the habit of observation, and confers a taste for order 
and exactness. 

Nowhere is God's beneficent consideration for man's 
wants more conspicuously seen than in the class of 
animals to which "Beasts and Cattle" belong. In the 
natural exercise of that dominion over them with which 
we have been entrusted, we derive from them one of our 
most important supplies of food. There is, indeed, 
scarcely anything entering into the structure of cattle 
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which does not, diredlly or indiredly, minister to man's 
comfort. Their hides form the best proteflion to the 
feet, and are appUed to a thousand useful purposes 
besides ; we get glue and parchment from them ; out of their 
horns are made a variety of serviceable articles; and we 
grind down their bones to fertiUse the fields. Nor are 
they less valuable gifts while Hving, and the exactness with 
which they respond to many of the requirements of man 
cannot be regarded otherwise than as providential. Man 
needed an assistant to carry his burdens, to work for 
him in the fields, to bear him swiftly on his journeys — -' 
and finds that assistant in the horse. It is unnecessary 
to point out the thousand other ways in which the horse 
is serviceable to man, or how much would have been lost 
to the comfort of life had this single creation been 
omitted. Either naturally, or under the fostering care of 
man, the horse thrives in almost every land outside the 
polar circles. Yet there are a few spots in the world, 
like the Arabian desert, for which the horse is unfitted, 
and for which special requirements are necessary, — so 
God created the camel. In it we see the good qualities 
of the horse supplemented, as it were, and various 
struflures modified with the obvious design of adapting 
it to the special work it has to peribim. Not only is the 
"ship of the desert" docile and strong as a beast of 
burden, but its feet are cushioned with elastic and 
expansile pads, which spread out into broad fiat surfaces 
when pressed on by the weight of the body. It is 
evident that the camel has been thus shod in order that 
it might stalk across the loose sand without sinking into 
it Again, in loading the camel it is made to kneel down 
to facilitate the operation, and in order that its knees 
may not suffer from rubbing or pressure, they are natur- 
ally defended by callous pads placed where the chief 
pressure is sustained. Nor is it construded internally 
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with less careful reference to the special nature of its 
work. One great danger which animals incur in crossing 
the desert arises from the want of water, but the camel 
carries its own supply in a sort of internal tank. Thus 
a part of its complex stomach is set round with deep 
cells or sacs — little barrels, they might be called— -which 
are filled with water as opportunities occur, and they 
are then by the constriction of their orifices shut off from 
communication with the rest of the cavity. When the 
camel requires to draw upon this store, the orifices are 
relaxed and the cells compressed so as to empty out the 
water. By means of this contrivance the camel can 
journey in the desert several days without drinking, even 
in sultry weather. Its adaptation to its work has been 
further perfedled by the remarkable acuteness of the 
sense of smell, by which it is said to scent the presence 
of water at the distance of half a league. Its power of 
subsisting on the coarse herbage of the desert and on 
the leaves of trees occasionally met with in the oases, 
as well as the strong teeth fitted for cutting and grinding 
them, are additional proofs of design. As no organ is 
more apt to suffer from the heat and glare of the sand 
than the eye, the camel has prominent, overhanging 
eyebrows, and this light-shield is made still more perfeifit 
by long thick eyelashes. During the wild tumult of the 
simoom every living thing tries to exclude the clouds of 
hot dust that are borne along by the wind. On this 
account the nostril of the camel is not wide and patent, 
as in the horse, but a mere slit, which can be firmly 
closed at will as with a lid. In a certain sense the 
camel may be said to carry with it a supply of meat as 
well as drink, for the hump on its back is chiefly com- 
posed of fat stored up in time of abundance to be 
drawn upon in time of scarcity. In the course of long 
journeys, if food be scantily provided the hump wears 
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away, and it requires a course of good feeding before 
it is restored. 

In northern countries, beyond the natural limits of 
horse and camel, a substitute was needed which might 
cany on the work of transport, and yet live amid the 
snows on the roughest fare. The elk and more especi- 
ally the reindeer fill up the gap by placing their strength 
and ileetness at the service of man. The range of the 
reindeer is very extensive. From the northern parts of 
Sweden and Norway it extends deep into the polar 
regions, and is said to flourish in perfeflion among the 
inhospitable regions of Spitzbei^en. Its very apf>etite 
and power of digestion are moulded on the produtSions 
of the home which nature has assigned to it Though 
the climate is unfavourable to grass and cereals, many of 
the forest-trees, and even much of the land, are abun- 
dantly covered with lichens of which it is fond. A Lap 
who is fortunate enough to possess plenty of ground 
whitened over with hchens, surveys it with feelings akin 
to those with which a farmer among us regards his 
fields of wheat or barley. He regulates his movements 
by the wants and likings of his precious reindeer. In 
winter, he lives with it amid the rough shelter of the 
woode: in summer, when the niosquito drives the herd 
from the forests, he repairs with it to the higher grounds 
where it finds food and coolness. Its acute sense of 
smell guides it to where the lichen grows, where it "routs 
like swine," or clears away the snow with its fore-feet 
Id case of need nature has armed the reindeer's head for 
a part of the year with a shovel and a pick conveniently 
placed just over their muzzle. No one can look upon 
those brow antlers, of which one is flattened out like a 
spade, without the conviiftion that they were designed 
for this special purpose. The hardy Laplander's riches 
centre in his reindeer. It is his beast of burden, and his. 
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cairiage-horse. Seated in his sledge he traverses long 
journeys with great rapidity, A distance of 150 miles 
in 19 hours is not considered a great feat, and many 
most marvellous exploits are narrated. The reindeer 
supplies his owner with milk and cheese for the winter, 
and with an ever-ready store of venison. Like cattle 
elsewhere, everything about this animal is of use. The 
hide makes shoes and the warmest of winter wraps. 
Consistently with the established order of things the 
Laplander could not have horses or cows, wheat, or hay ; 
but Providence has given him a kind of "Cattle" substi- 
tute, which in itself supplies all his requirements, and has 
combined with this gift the growth of a hardy lichen 
which is better adapted for its food than the finest hay. 

Man needed, moreover, a confidential friend to guard 
his house and property, to lighten his labours by its 
sagacious activity in tending flocks and herds, and to 
help him by its instimft and (Jeetness in the chase. Such 
a friend he found in the dog, the most loyal and trusty 
of the brute creation. For man's sake the dog has re- 
nounced its gregarious instincts, and the company of its 
fellows, in order to become his attached servant and 
companion. The dog is brave, intelligent, honest, unself- 
ish and submissive. The camel is a substitute for the 
horse, and the reindeer is in some degree a substitute for 
both; but nowhere on earth could a fitting substitute be 
found for the faithful dog. Fortunately, too, the geo- 
graphical distribution of this "good gift" has been made 
almost universal, and from the Equator to the most 
northern regions in which man is found the ubiquitous 
Ao^ is seen doing his appointed work. 

How widely, also, another of God's best gifts— the 
sheep — has been distributed over the world, partly by the 
hand of nature, partly through the agency of man. The 
wool which it supplies so abundantly for clothing takes 
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equal rank with flax and cotton. Originally coarse and 
harsh, it has by degrees been brought to its present 
perfeflion by the persevering skill and industry of man. 
The wool of neglefled flocks soon degenerates, and 
ultimately resumes the coarseness of the rough-haired, 
primitive wild sheep of Siberia. 

When our colonists first went to New South Wales it 
was remarked that no representative of the ox was to be 
seen. Pastures were there of the richest kind and of 
almost unlimited extent; but, in so far as cattle were 
concerned, these resources appeared thrown away. A 
little further observation, however, detefted in this ano- 
maly a wise design. The climate in many parts of Australia 
is peculiar, and subjeift to droughts of such severity as to 
dry up the rivers, as well as the deep natural water-tanks 
hollowed out in their course. At other times the withered, 
tinder-like grass takes fire, and the conflagration rapidly 
spreads itself over extensive distridls. Let anyone ima- 
gine what would most probably have occurred in such a 
case had there been cows and calves on these pasture 
grounds. The dams might perhaps have escaped by 
abandoning their young; but the latter, not having the 
strength to migrate, would have been overtaken by swift 
destnuSion. Instead of oxen, the settlers found an 
animal of a singular type in possession of these prairies, 
which seemed as if it had been designed expressly to 
cope with the peculiarities of the climate. The Kangaroo 
has locomotive powers very superior to the cow, but its 
distinguishing feature is the marsupial pouch destined for 
the reception and preservation of its young. In case of 
necessity these can take refuge in the pouch, and, hold- 
ing on firmly with their mouths, can be safely transported 
by the mother to a place of greater abundance or safety. 
But when civilised man appears upon the scene, a new 
page is opened in nature's economy. The mission of the 
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Kangaroo is drawing to a close, and it must give way to 
more valuable tenants. An intelligence is now on the 
spot which can overcome the difficulties of the climate. 
The settler digs tanks in which the water will not easily 
diy up: he battles with the conflagration; in time of 
drought he leads the cattle to streams on whose banks 
green herbage is still to be found; and he lays up stores 
of hay and other provisions against the winter's scarcity. 
Had cattle been previously introduced, they would often 
have been exposed even to worse tortures than those 
which sometimes overtake the wild cattle of South 
America in seasons of inundation. 

In tropical countries the elephant has got a skin 
nearly destitute of hair, for the climate supplies the 
necessary amount of warmth. But in the extinifl Si- 
berian elephant or mammoth, which lived upon the 
verge of the ice, the skin was doubly covered with a 
thick, short fur, and with long hair. This strutSture is 
clearly shewn in the famous specimen obtained from 
the ice of the river Lena, and of which the skeleton is 
preserved at St Petersburg. A piece of skin from the 
same animal is exhibited in the museum of the Royal 
College of Surgeons. 

We do not always judge wild animals fairly. We 
are apt to regard their savage nature as a blot on the 
fair face of creation, and we feel puzzled in our attempts 
to reconcile it with universal benevolence. But ferocity 
in such animals is invariably the result of a struiflure 
which has been designed for a good purpose, and is 
by no means an indication of innate cruelty. When 
considered in relation to their obvious use of checking 
such an increase of animals as would be fatal to the 
general welfare, and with reference to their mode of 
living, this ferodty, so far from tending to augment 
suffering, tends directly to diminish iL The habits of 
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an animal may be said to depend upon the shape of 
its teeth, but, to speak more correflly, both have been 
consistently adjusted to each other. If we examine the 
mouth of a tiger or hyena, nothing is more clear than 
that it is designed to seize and rend a hving prey. Now 
the more ferocious animals are, the more effeflively 
they will use their teeth, and the sooner will death re- 
lieve their prey from suffering; but had such teeth been 
engrafted upon a milder nature, their viiSlims might have 
been killed in a way that would have been slow torture. 
Hence there is mercy in their savageness, and nature 
in putting those fearful weapons into their mouths has 
aimed at shortening the pang of dying. Not foi^etful 
of the evil which the unrestrained exercise of such power 
for destru6lion might bring upon weaker animals, the 
propensity to kill has generally been subordinated to 
the calls of hunger. A lion or a boa constri<5lor reposes 
peaceably as soon as its appetite has been appeased; a 
lion-tamer is careful not to enter the den until the half- 
subdued monsters have been fed; and even a pike, 
whose disposition has been more especially branded 
with cruelty, seems to inspire little terror among sur- 
rounding fishes as soon as he is gorged with food. 

For wanton cruelty we must go, alas! to civilised 
life. It is probably unknown among animals in a wild 
state, although, in carrying out certain purposes of Pro- 
vidence, all the appearances of cruelty are sometimes 
assumed. To take an instance from the class of in- 
scSls: — what at first sight appears more cruel than the 
wholesale slaughter which goes on in a wasp's nest at 
the approach of winter? Waspish nature is, perhaps 
unjustly, proverbial, but at least nobody ever accused 
them of want of tenderness for their offspring. They 
tend the cells where the eggs are hatched, and they 
nurse the new-bora grubs with a devotion quite equal 
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to that displayed by their more esteemed neighbours 
the bees. Yet no sooner does the first sharp pinch 
of frost nip them in the autumn than their whole nature 
undergoes a change. Their love, by some mysterious 
impulse of instin<5l, is then converted into hate, and, 
falling on the young brood of the nest, they ruthlessly 
destroy them all. But, we may ask, had these grubs 
been spared, would their fete have been improved? The 
summer mission of the wasps was ended, food was get- 
ting scarce, and starvation was in immediate prospeft, 
so nature sent the voracious grubs a speedy death, 
instead of a lingering torture. Few of the executioners, 
however, long survive the desolation of their home, and 
in the extiniStion of both man may recognise a mercy 
to himself. The progeny of a single wasp in spring 
mounts up to 20,000 or 30,000 before the end of 
autumn, and if most of these were to survive the winter, 
the species would increase at a rate which would be in- 
compatible with man's comfort, if not with his existence. 
What food is there Ahich he would have been able to 
preserve from their ravages? 

. Among the influences most injurious to the health 
of man are emanations arising from animal and vegetable 
substances in a state of decay. To mitigate this evil 
we enforce our sanatory laws, we construtfl sewers, we 
fumigate and whitewash. But there are nooks which 
brushes cannot reach, and our war with the inevitable 
results of decomposition would have been unsuccessful 
had not nature herself come to the rescue with her 
powerful aids. There are winds which search our streets 
and courts, and dissipate many a gathering animal 
poison wherein pestilence is secretly breeding; there 
are rains which wash our walls, scour our ways and 
flush our sewers, and float away the seeds of disease. 
In polar regions, where hfe is comparatively scarce, 
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and decomposition is limited to the brief interval of 
summer, nothing is needed in a general way to purify 
the air. But in tropical climates, where life teems, 
and heat and moisture stimulate decomposition, scaven- 
gers are especially needed; and while man has done 
least, nature has there done most to cany on the ne- 
cessary work. Without nature's aid many a village in 
hot climates would scarcely be habitable. Some Indian 
towns have no other scavengers than the wild beasts 
which lurk in neighbouring jungles during the day, and 
cany away all the offal of the place in nightly razzias. 
Everybody has heard of the snarling, howling, mangy 
mongrels of Stamboul and other eastern towns, which 
range through the streets at night, and purify the tainted 
air by snapping up the refuse of the town. Further to 
the south the hyena and other kindred animals prowl 
round the African village, waiting for the time when 
the inhabitants shall have retired to rest, in order that 
they may venture within the precinfts and feed on any 
garbage they may find. Judging by the extent of the 
machinery employed, and the imperious instini^s with 
which, to secure performance, this scavenger-service has 
been combined, there can hardly be any more important 
work within the circle of the world's economy. From 
man himself downwards every class of animals and all 
plants take their appointed share of labour in keeping 
nature's common household clean and pure. According 
to the kind of work to be done, Providence appoints 
with unerring wisdom the kind of workman to be 
employed. 

It is singularly instruftive to note the perfe<5t way 
in which animals axe sometimes fitted for the special 
task imposed upon them. The use of the Ant Eater 
of South America is to keep within bounds the ex- 
cessive profusion of that form of life by destroying 
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myriads of ants as food. It is, in the first place, armed 
with strong claws to tear up the houses or earth-galleries 
in which the ants live. Having disinterred its aftive 
prey, how are the ants to be seized? An ordinary 
mouth would be of little use, but nature has provided 
the animal with a prodigiously long tongue, which it 
smears over with a viscid, adhesive, mucous secretion, and 
it then thrusts in this fatal trap among the little inserts. 
The ants adhere in thousands, and are thus conveyed into 
the mouth with marvellous rapidity. The next require- . 
ment is that the ants should be crushed; for the hard, 
parchment- like covering in which they are encased offers 
great resistance to the gastric juice. The mouth is ill 
adapted for the purpose; for it is, in fa6t, little else 
than a tubular case for the long tongue. It is, more- 
over, destitute of teeth; and, indeed, teeth would 
have formed far too powerful a mill for such tender 
food, while many of the aiSive little creatures would 
certainly have escaped from the mouth during mastica- 
tion. The crushing, therefore, goes on in the stomach; 
and, as Owen has expressed it, the Ant Eater has 
borrowed the gizzard of a fowl for the purpose. In 
this muscular stomach, myriads of ants are reduced to 
a pulp, out of which their arch-enemy extradls abundant 
nourishment How clear the evidence of the special 
design with which claws, tongue, glands, mouth and 
stomach are mutually adapted to each other! 

Another beautiful series of structural adaptations 
is displayed in the Aye-Aye, a quadnimanous, or four- 
handed, animal found in Australia. It is no6turnal in 
its habits, therefore the pupil of the eye is large to 
admit as much light to the retina as possible. The 
oigan of hearing is moreover greatly developed, for the 
purpose of enabling it to dete<5t the scraping operations of 
its favourite prey, which is a kind of grub that bores and 
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burrows in trees. Having found the spot under which 
the grub is at work, it chisels down upon it by means 
of strong jaws and teeth specially construfted for the 
purpose. But no sooner does the grub find its dwelling 
broken into than it retreats to the other end of its bur- 
row and all the labour of the Aye-Aye would probably 
be in vain, had not nature anticipated this difficulty 
by bestowing on it a most odd-looking contrivance in 
the shape of an enormously prolonged and slender 
middle finger having a kind of hook at the end, with 
which it probes into the recesses of the burrow and 
extrafts the impaled grub. 

In ancient Bible times herds and flocks constituted 
the riches of the wealthy. Jabal was "the father of 
such as dwell in tents and of such as have cattle." A 
great herdsman was equivalent to a great proprietor, 
and he was qualified for the highest offices. Abraham 
and Lot possessed much wealth of this kind, and they 
separated because it was difficult to find sufficient pas- 
ture for their united herds. Moses was a shepherd after 
his flight from Egypt, while he tended the flocks of his 
father-in-law, Jethro, in the land of Midian; Amos, the 
prophet, was a herdsman. Among "cattle" were an- 
ciently included oxen, sheep, goats, horses, asses, camels, 
and indeed nearly all the beasts most useful to man for 
feeding, clothing, and other important purposes. What 
could be more natural, therefore, than that the Three 
Children, when praising God for his blessings, should 
have specially dwelt on this "good gift," 

The Lord is my shepherd; I shall not want Ps. laiii. 
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FOWLS OF THE AIR. 



ye Fowls of the Air, bless ye the Lord: praise 
Him, and magnify Him for ever. 

r' may be truly affirmed that Birds are not 
iurpassed by any class of animals in the illus- 
trations they aff'ord of the Power, Wisdom and 
Goodness of the Creator, Their shape and plumage 
attraiSl our admiration. Their voices fill our woods in 
Spring with sounds of cheerfulness and life. The grace, 
boldness, and endurance of their flight excite astonish- 
ment; the unerring certainty with which, at the period of 
migration, many of them traverse seas and continents 
exceeds our corbprehension ; while the industry, faithful- 
ness and devotion displayed by them in the construflion 
of their nests and the rearing of their young claim for 
them our sympathy and proteftion. 

The song of birds has evidently the closest relation to 
the period of breeding, and common sense plainly tells 
us that it must be one of the chief attra<5lions between 
the mated pair. The mistress of the nest listens compla- 
cently to the notes poured forth in her honour, which, in 
a language she well understands, both encourage her in 
her preparations, and add to the pleasure of her task. 
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At other seasons of the year, unless incubation be going 
on, there is comparatively little singing. It has answered 
its purpose, and the presence of the loved young ones in 
the nest is nature's guarantee that the parents will 
tenderly bring their offspring up, and send them forth 
into the world when they are ready to cope with its 
difficulties . 

Let us not pass on without a grateful tribute to the 
sky-lark, whose song delights us nearly all the year round, 
When other birds leave us, he never forsakes his home; 
when others have become mute, his cheery voice may 
still be heard. Scarcely are the noise and dust of the 
busy city left behind before he salutes us with his song; 
as we walk onwards the gladsome carol is caught up by 
others of the band; and when our stroll ends it still lin- 
gers in our ears. Of all the feathered songsters he is the 
most constant companion of our rambles, and ever seems 
as willing to sing as we are to listen. Poised as a dark 
speck in the clear air, or rising on quivering wings above 
the verdant field, his song gushes out as if from an 
abounding fountain. Upwards — upwards — higher and 
higher — until at length the songster himself almost van- 
ishes from sight, and the softened and faintly heard notes 
seem to come to us out of the depths of the firma- 
ment There is no bird we would not sooner spare, or 
whose absence we should feel so much. 

The sii^iing of birds may be considered fl-om another 
point of view. It is something more than a language be- 
tween themselves, for it is likewise a contribution towards 
the pure enjoyments of life. To thousands it brings a plea- 
sure which, though small perhaps in itself, must still be 
added to the list of the little enjoyments scattered abun- 
dantly around which in reality make up so much of the 
happiness of daily life. These concerts of nature's choris- 
ters form one of the attractions of the country; but even 
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to the inhabitants of cities birds bring much pleasure, if 
we may judge by the number of feathered songsters ten- 
derly preserved as pets. In reflefting upon sudi matters, 
do we not feel that their value consists less in the dire<5t 
pleasure they bring than in the proof they afford that even 
in little things "He careth for us?" 

It will be generally admitted that no animals possess 
a covering which in beauty is comparable to the plumage 
of birds; and yet, as always happens where nature is the 
artist, this beauty has not been purchased at the cost of 
any useful quality. On the contrary, what lighter cloth- 
ing could have been devised for creatures whose aerial 
flights render lightness indispensable? The entire plu- 
mage of an owl weighs only an ounce and a half! Or 
what clothing could be wanner than the feathered quilt in 
which they are wrapped? And how essential a warm 
covering is to shield them from the heat-robbing currents 
of air and water to which they are exposed ! To make 
the clothing perfe£l nothing more was necessary than 
that it should be waterproof The other qualiries of the 
plumage would be useless if water could penetrate among 
the feathers, and convert them from a dry, impermeable 
armour into a sodden mass clinging to the skin. Unable 
to resist the cold, the bird would then have perished. 
But the plumage has been perfetfted by giving to birds, 
and especially to water-fowl, the power to secrete an 
oily matter, which being smeared over the feathers renders 
them impervious to moisture. All must have observed 
that when a bird is dead, and can no longer diffuse this 
oil over its feathers, the water soaks in and soon spoils 
the plumj^e. The (feathers are so arranged over the 
body of the bird that in flying or swimming the pressure 
of the air or water keeps tiiem closely applied to the skin, 
so as to offer the least resistance to motion. Thus may 
we with admiration perceive how perfed in all points is 
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the feathery covering of birds in relation to the purposes 
it is required to serve. 

The wings of birds exhibit some beautiful proofs of 
creative design. As in rapid flight the wings beat forcibly 
against the air, it is obvious that, unless the feathers were 
Strongly constru(Sed, the weaker parts would give way, 
and by thus allowing the air to pass through the power 
of flight would be impaired. But this defefl has been 
obviated by furnishing the barbs of the vane, or more 
pliant part of the feather, with what are called " barbules, " 
forming on either side minute hooks curved in contrary 
direiftions, which by intercrossing and locking with each 
other knit the feather into a strong compa<5l paddle, so 
firm in most birds that it will not yield, though driven 
through the air with a force that causes the well-known 
whistling sound. And it is a further proof of design that 
certain birds, such as owls, which are in the habit of 
stealing slyly upon their vjflims, do not possess this 
strudlure, as it would be attended with the inconvenience 
of giving their prey notice of their approach. The wings 
of owls are consequently loose and soft, but as they 
thereby allow much of the air to pass through them they 
are not adapted for rapid flight Hence the slow, noise- 
less, mysterious gliding of these birds. 

The prominence of the keel of the breastbone, with 
which all are familiar in poultry, gauges the size of the 
muscles which move the wings, and indicates the flying 
power of the bird itself In those whose flight is rapid 
this projedlion is large, while in others not intended to 
fly the keel is shallow or wanting, and the perioral 
muscles small in proportion. The speed of birds offers 
great variety. When the flight does not exceed 30 miles 
an hour, they are considered slow flyers. The speed of 
the swallow is computed at 90 miles, the hawk 150 miles, 
while that of the swift is said to attain the astounding 
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velocity of 180 miles an hour. The endurance displayed 
by birds upon the wing is wonderful, and we may on a 
summer's afternoon watch a flock of swallows for an 
hour without detefting the briefest interval of rest 
Their slumming, rapid wings never seem to flag. What 
strength of flight, too, must be needed in those annual 
migrations which bring our winter water-fowl across the 
North Sea from frozen Scandinavia, and our summer 
visitors, the nightingales and swallows, from Southern 
Europe or Africa. Longer feats of flight are performed 
by some others, as by the Frigate or Man-of-War bird, 
which is sometimes found hunting for food in the Atlantic 
more than a thousand miles from shore. Yet it appa- 
rently never tires, or seeks rest either on the surface of the 
sea or in the rigging of the ship. It is said, indeed, never 
to visit the shore for the sake of rest, but only when the 
return of the breeding season renders a short sojourn on 
land indispensable. 

Feathers are of considerable value in arts and manu- 
faiSlures. Since the seventh century nearly the whole 
literature of Europe has been written by means of quill?) 
tliough in these latter days all-pervading iron threatens 
to drive them out of the field. Among savages, and 
especially among the Esquimaux, warm coverings are 
made of the skins of wildfowl, the feathers being turned 
inwards. The great point in warm clothing is that the 
texture shall be loose enough to contain sufficient air to 
make it a bad condu6lor, and yet not so loose as to 
permit currents of cold air to pass through it Now 
it is found that the feathered skin of the Eider duck 
fulfils these requirements in a very perfei^l manner, while 
it possesses in addition the valuable quality of lightness; 
hence it is regarded as the most complete model of warm 
clothing in existence. 

Birds supply the civilised world with the luxury of 
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soft beds and warm coverlets; and, indeed, there are few 
houses above the }ine of poverty which are not indebted 
to birds for some of their comforts and attraflions. 
Goose feathers are the most esteemed for beds on account 
of their combined softness and elasticity; while Eider 
down is best adapted for coverlets, because, although it 
is superior in softness, it is less elastic and does not bear 
pressure so well. It is painful to think how cruelly the 
geese are treated from which we obtain our supplies. 
Unfortunately those feathers are considered to be best 
which are taken from the living bird, and for this reason 
the poor creature has often to undergo the torture of 
partial plucking several times a year. The Eider duck 
parts with its plumage on terms which, if less cruel, must 
still involve much suffering. In preparing her nest for 
the expefled brood, the mother plucks die soft down 
from her breast, and lines her habitation with it Soon 
afterwards the hardy " fowler" appears, suspended by his 
rope, and scrambling along the face of the cliff. The 
^gs are taken for food, and the feathers for commerce; 
and then the poor bird, after doubtlessly passing through 
her season of grief, sets to work to repair the mischief by 
plucking oiT another supply of down, and laying another 
set of eggs. Once more the spoiler visits the nest, and 
carries off as before the eggs and the down. But the 
instinftive courage and perseverance of the bird still 
bear her through this disheartening trial. For the third 
time she fits up her habitation as before, and again she 
lays her eggs. But now the sagacious fowler leaves her 
in peace. He knows that, in making this final effort to 
refit the nest, the Eider duck and her mate have torn the 
last shreds of down from their breasts, and that were he 
again to rob the nest, the brood by which he hopes at 
some future day to profit could not be reared. 

The weight of dead birds is familiarly known to 
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everybody. There is, in fa6l, no very striking difference 
in this respefl between them and the other animals that 
live upon the ground, and it is obvious that mere wing- 
flapping alone would be insufficient to sustain them in 
the air were they not aided by other means. As bones 
are the heaviest of the stnidtures entering into the 
composition of birds, it might naturally be expected they 
would offer the chief impediment to their flight; and 
such would undoubtedly have been the case, had not 
Nature, by a dexterous modification of the general rule, 
converted what would have been a drawback into a 
valuable assistance. Animals whose movements are on 
the rough surface of the ground, require to have bones of 
great strength and density to enable them to withstand 
the shocks and strains to which they are liable; but birds, 
whose chief movements are in the air, do not require 
bones of such solidity. Nature, therefore, by forming 
them into hollow cylinders, has given them the shape 
which mechanically combines the greatest strength with 
the greatest lightness; and then, after every particle of 
superfluous osseous matter has been thus removed, the 
interior of the bone is filled with air instead of marrow, 
by which the weight is still further reduced. 

Not only does air pass freely into the bones of birds — 
often down to the ends of the small bones composing the 
toes, the tips of the wings, and even into the quills of the 
feathers — but, by means of a peculiar system of air-cells or 
bladders, it is diffused all over the body with an abund- 
ance which corresponds to the flight-power of the bird. 
These air-cells are in free communication with the air- 
passages of the lungs, and many of them can be inflated 
or emptied at will. They are of large size in the thorax 
and abdomen; occasionally they reach high up in the 
neck, forming as it were a balloon in front of the body, 
and they are generally very widely distributed under the 
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skin. In birds distinguished for their power pf flight — 
as the Solan Goose, Albatross, and Pelican — the air 
not only fills the bones but surrounds the viscera, 
insinuates itself between the muscles, and buoys up the 
entire skin. The whole body is inflated like a balloon. 

But the circumstance which chiefly promotes buoy- 
ancy, and gives to this remarkable arrangement its lifting 
power, is the comparatively high temperature of the in- 
cluded air. Birds are warmer blooded than mammalians; 
thus while the internal temperature of man seldom ex- 
ceeds 98° Fah., that of birds varies from ro6oto 112° Fah. 
This higher temperature is an indispensable requirement 
of their great muscular energy; and it, no doubt, also 
helps to counterafl that tendency to cold which neces- 
sarily arises from their rapid movements both in air and 
water. But the purpose served by this high temperature 
to which we now draw attention is that it a6ls as a fur- 
nace to heat the air within the bones and cells. In cir- 
culating round the walls of the cavities containing the air, 
the blood imparts to the latter a portion of its own 
warmth, just as a service of hot water pipes heats the air 
in a room round which it has been carried. The heated air, 
of course, renders the whole bird buoyant, on the principle 
of a fire balloon or caoutchouc ball, both of which readily 
rise into the air on being warmed. When the weight of 
the bird has thus been brought more or less into equili- 
brium with the surrounding air, the ai5tion of the wings 
easily lifts it from the ground How completely this 
equilibrium is sometimes attained, even in the case of 
very large and heavy birds, may be inferred from the fedl 
that the gigantic Condor of the Andes is occasionally 
seen wheeling in circles for hours together without the 
aid of a single flap from its wings. The perfeftion of 
buoyancy is even more wonderfully displayed by the 
Frigate bird of the Atlantic, which is said, not only to rest 



Fo-mU of the Air. 281 

its wings, but even to slumber as it floats without efEbrt 

in the aji like a. balloon. 

Many birds, instead of seeking for their food on shore, 
skim over the surface of the sea, and dive after their prey 
or even pursue it under water. It might reasonably 
be expected that the inflation of the body with air, which 
has just been described, would unfit them for diving and 
swimming under water, exaftly in proportion as it 
promoted their power of sustaining themselves in the 
atmosphere. It is a singular faft, however, that some of 
the birds most remarkable for flight are no less dis- 
tinguished for the ease with which they dive and glide 
about under water! The Solan Goose, for example, 
whose usual haunts in this country are the lofty heights of 
the Bass rock and Ailsa Craig, is a most expert diver, as 
is proved by its being sometimes accidently caught in 
fishing nets that have been sunk from 10 to 30 fathoms 
under water. How happens it, we might reasonably ask, 
that a bird which at one moment is soaring buoyantly in 
the light air, can at the next be diving and swimming 
through the dense water? It is obvious that some new 
adjustment of its weight, or specific gravity, must rapidly 
take place in order to enable it to accomplish such a feat 
And this is achieved by simply giving to the bird the 
power of emptying more or less completely its principal 
air-cells by means of muscles variously disposed in differ- 
ent parts of the body, which in contrafting squeeze the 
air out of the cells, just as water is squeezed out of a 
caoutchouc bag when compressed in the hand. 

The beak of a bird is to be regarded not merely as a 
mouth, but also as an instrument of touch and prehension. 
In shape and strength it differs widely according to the 
nature of the work it is intended to perform. So closely, 
indeed, is this construtSive relation observed that, as 
Cuvier pointed out, you may tell from the beak of a bird 
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what it feeds upon, what are its habits of life, and whether 
its disposition be gentle or ferocious, with as much cer- 
tainty as you can decide the same question in regard to a 
quadiuped, whether hving or fossil, by the examination of 
its jaw. Some bills are excellent fly-traps, gaping widely 
and sweeping the air as with a net Others, as in the 
snipe, are long and narrow, that they may probe the 
marshy ground, and they are liberally supplied with nerves 
in order that they may feel the food which is often hidden 
from their view. Some bills, as in the Flamingo, are verit- 
able scoops to ladle up the food into the mouth- Not 
the least admirable adaptation is to be found in the com- 
mon duck, whose bill is soft, expanded and sensitive, 
while the margins are supplied with homy transverse 
plates which aft as strainers to separate the particles of 
food from the turbid water in which it searches for them. 
The woodpecker's bill is a finely pointed chisel of great 
strength, tipped with hom almost as hard as ivory, 
to enable it to splinter the decayed baric of trees while 
hunting for insefts, or to excavate the substance of the 
wood itself in nest-building. 

Not unfirequently the beak serves as an organ of loco- 
motion. A parrot, for example, uses it in climbing as 
dexterously as in cracking a nut and separating the kernel. 
The anterior extremities being appropriated for wii^s, the 
bill serves as a kind of hand with which birds lift, carry 
and build. What human fingers could unhusk the seed 
with the nimble dexterity of some of our caged birds? 
There is, it is true, no arm to wield this hand, but Nature 
has made the neck of birds long and flexible, on purpose 
that it might a<5l as an arm to apply this "bill-hand" 
wherever it is wanted. 

Many birds live on seeds which, being protefted 
both by their vitality and their dense coverings, must 
be broken up before the gastric juice can a<5t upon them 
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with effeft. To have crashed them in the mouth would 
have required grinders fixed in heavy jaws moved by 
bulky muscles; and these, in their turn, would have 
entailed the necessity for extensive surfaces of bone to 
afford attachments. It is obvious that such an ap- 
paratus is out of the question in birds, because it in- 
volves weights which are incompatible with flight But 
the difficulty has been overcome by making a triturating 
machine of the stomach itself, and thus dispensing with 
the use of teeth altogether. The thin, membranous 
stomach which we see in most animals would have 
wanted the requisite crushing power, and, therefore, 
it here takes the form of a muscular gizzard. Yet, even 
a gizzard, Strong though it is, would not be able to 
overcome the hard texture of seeds were it not for certain 
supplementary aids which perfe^ the a<ftion of the 
machine. Let us observe what happens. When the 
grains are picked up they are first received into "the 
crop," where they are moistened, and macerated, and 
kept back until the rest oi the digestive apparatus is 
at liberty to attend to them. They next pass into the 
"ventriculus succenturiatus," or true stomach, where 
they are exposed to the solvent a£lion of the gastric 
juice. And, lastly, after having been thus soaked and 
softened, they slip on into the gizzard, where they are. 
ground into a pulp. When this process is completed, 
the food passes onwards, and the nutritious portion is 
soon absorbed. 

The gizzard is an instrument of astonishing power 
when its small size is considered. The force applying 
the triturating pressure consists of strong opposing mus- 
cles, and the cavity lying between them is lined by a 
tendinous expansion almost as hard as horn, on which 
the grain is ground as in a mill. Indeed, there is a 
kind of petrel found far to the north, in which the cavity 
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is inlaid with s. hard pavement, forming no inapt repre- 
sentation of the rough surface of a millstone. The 
gizzard of some mollusk-feeding birds is strong enough 
to crunch up the shells with ease. In certain ex- 
periments on turkeys and common fowls, in which they 
were forced to swallow sharp, angular fragments of glass, 
metallic tubes, and balls armed with needles, and even 
lancets, all these substances were found to be broken or 
compressed by the powerful aflion of the gizzard, with- 
out having produced any wounds, or apparently even 
any pain. The chief bulk of the gizzard being made 
up of the muscular walls, the cavity is necessarily small, 
and only a little can be taken in at one time; hence the 
presence of a gizzard requires the aid of the other re- 
ceptacles just described, to a<5t as "hoppers," and by 
their special vital tatl furnish a gradual supply. Gra- 
minivorous birds habitually swallow sand or pebbles to 
facilitate the grinding operation of the gizzard, and if 
the ear be applied to the side of a fowl while the giz- 
zard-mill is at work, the sound of the "stones" rubbing 
against each other may be heard. In a certain sense 
the gravel adts as teeth to pierce and lacerate the food 
in the stomach, and it has been remarked that fowls 
grow thin when they cannot get access to it They 
are then, as it has been aptly expressed, suffering from 
the loss of their teeth. 

There are some wild-fowl whose whole substance is, 
as it were, infiltrated with oil. It makes them buoj-ant 
on the water, and, like a blanket wrapped round the 
various organs, serves to retain the animal heat It is 
also a store of fuel, to be drawn upon in times of scarcity 
for combustion in the lungs. The oil, moreover, some- 
times forms a welcome addition to the "lighting" resources 
of communities placed far out of the way of gas and 
candles. Thus the hardy inhabitants of St Kiida, a 
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solitaiy island in the Atlantic, about fifty miles west 
of the Hebrides, are in the habit of levying on the 
Fulmar petrels frequenting the rocks an oil-tax, which is 
colledled by making them disgorge a quantity of pure 
oil by means of the skilful application of pressure. 

The number of the different kinds of birds known to 
exist is four times greater than that of quadrupeds; but it 
is the multitude of individuals that most astonishes. 
They immeasurably exceed both mammalia and reptiles, 
and we must descend to fishes before we find tribes com- 
parable to them in this respeft. Strolling on the sea- 
shore of the Isle of Wight on an Oftober afternoon, we 
have seen swallows flocking away to their winter homes 
in numbers that seemed countless, and in a broad stream 
which required ten minutes to pass by. Illustrations of 
the astounding multitudes of birds are to be found in 
every book on Ornithology, but we will here only refer to 
one given by Audubon, Among the Rocky Mountains 
migrating pigeons are often seen moving in a flock more 
than a mile broad, and although their speed probably 
exceeds a mile in a minute, three hours are sometimes 
spent before the long procession has ended. At the 
moderate estimate of two pigeons to each square yard, 
Audubon calculates the number in one such flock to be 
one billion one hundred and fifteen millions. 

Such dense clouding of the air with birds leads the 
mind back to a scene that occured in the wilderness, 
near Mount Sinai, more than three thousand three hun- 
dred years ago. We read in the sixteenth chapter of 
Exodus that the Israelites, dispirited and mistrustful, 
bitterly upbraided Moses for having led them so far away 
from Egyptian plenty to perish miserably in the desert: — 
"Ye have brought us forth into this wilderness to kill 
the whole assembly with hunger." But the Israelites 
were rescued in their need, and the King of nature fed 
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them with quails and manna. "And it came to pass 
that at even the quails came up and covered the camp." 

In the eleventh chapter of Numbers we read that on 
another occasion quails were sent in even greater abund- 
ance, — but sent this time in wrath to punish the murmur- 
ing Israelites. They had become discontented with the 
manna miraculously provided for them, and longed for 
the flesh and fish, and other good things to which they 
had been accustomed in Egypt So the anger of the 
Lord was kindled, and He made the granting of their 
desire the means of their punishment. "And there went 
forth a wind from the Lord, and brought quails from the 
sea, and let them fall by the camp." For a day's journey 
round the ground was covered with birds in heaps. "And 
the people stood up all that day, and all that night, and 
all the next day, and they gathered the quails." "And 
while the flesh was yet between their teeth, ere it was 
chewed, the wrath of the Lord was kindled against the 
people, and the Lord smote the people with a very great 
plague." Yet this was the same kind of food which had 
before preserved them iu the wilderness of Sinai. It had 
been eagerly desired, and had been granted abundantly; 
one thing, however, it lacked, without which neither food 
nor any other gift can profit — it lacked God's blessing. De- 
prived of that the seeming good became evil, and instead 
of bringing health and strength, it brought destruction. 

There is no denying that birds necessarily consume 
some of the fruits of the earth; but, on the whole, they 
well repay the tax thus levied, both by feeding on the 
seeds of weeds, and by the havoc they make among crop- 
destroying grubs and insedls. The truth of this is suffi- 
ciently proved by the fa<a: that, wherever crusades have 
been made for the extirpation of birds, success has 
invariably been followed by repentance. A few years 
ago sparrow-clubs for the indiscriminate slaughter of our 
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familiar companions — the only birds that follow us into 
towns — came into fashion in some English counties, but 
enlarged experience and observation have sufficed to put 
them down. One recent phase of the bird-crusade has 
been a fierce attack on rooks. While the balance of the 
ai^gument is decidedly in favour of their protedlion, it 
must, nevertheless, be conceded that it is possible to 
have too much even of a good thing. On the one hand, 
the farmer may justly consider rooks as a natural police 
to keep within moderate limits some of the worst pests 
of the field; but, on the other, the force must be main- 
tained with due relation to the work that is to be done. 
If the hands — or bills — be too few, grubs and other insedt- 
vermin will increase destrui5tively; but if the rooks be too 
numerous, the supply of grubs will be insufficient for the 
demand, and they will be driven to support themselves 
on other kinds of food. The wise course, therefore, is 
to keep them within proper limits, and then they will 
seldom be found feeding at the farmer's expense. 

Nothing more conclusively demonstrates the bad 
policy of destroying little birds than the experiment 
recently made by our neighbours in France. Until a 
short time ago small birds were absolutely without pro- 
teflion, and as everything that flies is there apt to be 
accounted game, they were shot, trapped and netted, 
until at length they were nearly extirpated. In many 
parts of France the silence that pervades the woods and 
shrubberies in spring is oppressive. But by slow degrees 
farmers discovered that in killing little birds they had 
lost a useful band of aftive servants, whose absence from 
the field was marked by the rapid increase of inseft- 
vermin; and they are now anxiously endeavouring to 
repair the mischief that has been done by protefling 
birds by every means in their power. There is no reason 
to doubt that all birds have been created by Providence 
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to perform some useful part in the world's economy; and 
that, while it is often expedient to keep their numbers in 
check, extirpation almost invariably turns out to be an 
aft of folly. 

It would be easy to fill a volume ftith stories about 
the affei^ionate ways of birds, but it is impossible 
adequately to portray them in a few paragraphs. The 
genuine, unselfish, almost self-immolating tenderness they 
display towards their young is proverbial, while the 
contemplation of it always affords a lai^e amount of 
pleasure to hearts open to such influences. The very 
names of some birds are a testimony to their gentle 
nature: thus the word "Stork" both in Hebrew, Greek, 
and English expresses affedlion and kindness. It has 
been said that the young retain their love for their parents 
long after the usual nest ties have been dissolved, and 
even cherish and feed them when they have become 
helpless through old age. What truth there may be in 
this popular tradition need not here be discussed, but 
everybody must at least wish that so pleasing a tnut of 
bird-nature should be true. It can excite no surprise 
that creatures about which such things are said should 
be favourites in every country where they are found. 
Among Mahomedans more especially the stork is so 
welcome a visitor that it is privileged to build its nest in 
any spot it may choose to selecS. Its habitation is held 
sacred, nor does it fail to shew by its confiding tameness 
that it understands the friendly fooring on which it has 
been placed. It, moreover, repays the consideration it 
receives by waging incessant war against snakes and 
other kinds of vennin. In Holland the stork is held in 
such reverence that it is protetfted by law. All travellers 
in that part of the worid must have observed its solemn, 
statue-hke figure perched on roof or gable. There was 
a certain stork whose fame has spread far beyond its 
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native Holland, as an example of devotedness to its 
offspring. It had taken up its quarters in Delft, and had 
the misfortune to build its nest on a house which was 
subsequently burnt down during a fearful conflagration. 
As the fire raged round the nest, the poor stork was seen 
anxiously yet vainly endeavouring with her wings to 
proteiS her young. Nearer and nearer swept the flames, 
the thatch crackled and blazed, but in spite of suffering 
the faithful mother would not desert her post, and 
perished with her young ones. 

The pelican is another bird whose affe<5tion for its 
young has become proverbial. It is a dexterous fisher, 
catcJiing up with sure aim its finny prey, which it deposits 
for a time in the elastic mouth-bag formed by the loose 
skin under the lower mandible, until it can be conveniently 
conveyed to the nest. Tradition long would have it that 
the affeflion of the pelican for its young induced it in 
periods of scarcity to lacerate its breast in order to feed 
them with the blood. Later observation, however, has 
shewn this to be an error, arising from the habit which 
the bird has of pressing the mouth-pouch against its 
breast for the purpose of emptying its occasionally red- 
tinged contents into the nesL The pouch itself exhibits 
an ingenious contrivance of Nature, by which she pro- 
vides for the easy transport of food-supplies to the young 
pelican brood. 

The examples we have cited are, so to speak, 
historical, and they are so beautiful and charatft eristic 
that they never fail to be read with interest. But the 
experience of almost everybody can recall instances 
which illustrate the affe^Stionate ways of birds towards 
their young with perhaps even greater force, since they 
have happened within his own knowledge. Who does 
not recognise the expressive cries of birds when their 
fears are excited by danger threatening their young? 
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How fiercely the shy blackbird menaces and almost 
assails the prowling cat which an evil chance had brought 
too near her dwelling I With what cunning sagacity the 
lapwing, the wood-pigeon, the partridge, and a host of 
others imitate the stiu^Ies of a wounded bird, in (Hder 
to decoy the sportsman from the nest where the young 
ones Ue hidden. And the fidelity with which in the 
midst of their terror most birds cleave to their young in 
the nest, up to the very moment when the hand is about 
to seize them, is a spectacle of devotedness which none 
can witness without interest The tenderness of birds is 
not limited to their young only, but is often lavished 
upon their mates. Let us not forget that faithfulness in 
union is nowhere more conspicuous than in birds noto- 
rious for fierceness and rapacity, as eagles and hawks. 
Ravens and crows generally pair for life. The dove, 
known in Scripture as the emblem of innocence and of 
the calm happiness it imparts, is also distinguished in. 
this respei^. The pigeon devotes her life to one com- 
panion. When bereaved she mourns her loss, and long 
refuses to accept another mate. " The black pigeon of 
the East, when her mate dies, obstinately rejedls all 
others, and continues in a widowed state for life. " Among 
thousands of examples few are, perhaps, more touching 
than one given in a note to White's Selbome. " Lord 
Kaimes relates a circumstance of a canary which fell 
dead in singing to his mate while in the aift of incubadon. 
The female quitted her nest, and finding him dead, 
reje^ed all food and died by his side. " 

The affei5lion of birds is frequently extended to their 
old haunts, and they cling with constancy to the place 
where they were bom. Nightingales, swallows and many 
others find their way back to the spot where their early 
days were spent, and often to the veiy nest-homes with 
which their joys are associated. Everybody knows with 
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what fidelity rooks stick to their native trees, and how 
doggedly they resist every effort to dislodge them. 
Though all the trees of the country are open to their 
choice, rooks sometimes prefer a nest in a solitary tree 
in some great city, because it is the home where they were 
bom. For eight months of the year not a bird, perhaps, 
is to be seen there; but with commencing spring the 
constant rooks, winging their way over streets and 
houses, once more appear, and set about patching up 
the old nest. 

Many who turn with interest towards birds complain 
that they do not know how to reciprocate afFedtion. 
But this accusation is disproved by fafls. The means 
birds have of expressing their liking towards us are, of 
course, very limited, and are often obscured by that 
natural distrust bestowed on them for their preservation. 
Still if any one will expend a little time and patience 
in trying to win their regard, it is wonderfiil how much 
may be accomplished. Caged birds often become very 
tame. They droop and pine in our absence; they re- 
vive, know us, and welcome us with a flutter of excite- 
ment when we return. They feed from our hands, 
respond by sympathetic movements or cries to the sound 
of our voice, and shew confidence and affe<flion in a 
thousand pretty ways. On the lawn or about the 
shrubbery we may soon make acquaintance with our 
feathered friends. They will come when we call them, 
or sing when we whistle to them ; sometimes they will 
pop down within notice the instant we appear in the 
garden, as if they had been on the oudook for our 
arrival A bright-eyed robin will attend us on a short 
winter's walk almost as faithfully as a dog. Instead 
of not reciprocating attention, many birds seem only 
waiting to be made friends. If thoughtless little boys' 
could be induced to try, they would soon find out that 
19-3 
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there is more enjoyment to be got by making friends 
with birds than by frightening them, or throwing stones 
at them, or robbing their nests. When once they have 
realised this pleasure, and begin to understand the 
feathered tribes, they will regard all marks of confidence 
shewn towards them by birds as so many claims upon 
their sympathy and protetflion. 

Singular stories are told of the fancies which birds 
have sometimes taken to particular individuals; and 
we shall here give two examples, all the more readily 
because they bring to favourable notice certain familiar 
inmates of the farm whose mental powers are generally 
underrated. Bishop Stanley in his delightful book tells 
us of a goose which used to follow a citizen of Elgin 
about the streets with as much fidelity as a dog. When 
visits were made to neighbours' houses, it waited pati- 
ently outside, and joyfully rejoined its master on his 
reappearance. No change of dress for a moment de- 
ceived its keen affeflion. It liked to hear his voice, 
and responded with its own peculiar cries of satisfadtion. 

The Bishop also relates the story of an aged woman, 
in Germany, who was habitually led to church by a 
sagacious old gander. Her attendant laid hold of her 
dress with its beak, and gently tugged her onwards. 
Having seen her fairly seated in her pew, the wise bird 
decorously withdrew to the churchyard, where it r^aled 
itself until service was finished, and it then recondufled 
its chaise home. The family regarded it as the safest 
of escorts, and often declared that they felt no anxiety 
on the old lady's account "so long as they knew that 
the gander was with her," 

We all desire to think kindly of the cuckoa The 
day on which it is first heard in spring is a bright event 
in the country year, and we listen to the soft, mellow 
notes as a sure call towards the coming pleasures of 



Fowls of the Air. 293 

the summer. Yet the charafter of oiir favourite is said 
to break down upon a point on which bird-nature is 
usually strongest, namely, in materna! affedion. It 
certainly cannot be denied that the cuckoo, instead of 
taking the trouble to build a nest for herself, stealthily 
drops her e^ in the nests of other birds, and then 
leaves it to its fate. This strange deception, it appears, 
is pradlised upon a variety of unsuspecting little birds, 
Yarrell gives a list of fourteen, among which are to 
be found the robin and blackbird, the skylark and the 
hedge-sparrow. The cuckoo chooses her time with 
great adroitness, generally after one or two eggs have 
been laid in the nest; and as the plot is favoured by 
an invariable obtuseness on the part of the intended 
foster-mother, it never fails of success. The conduil 
of the young cuckoo when hatched only makes the 
matter worse. Although the title of the other occu- 
pants of the nest is so much better than its own, 
scarcely have a few hours elapsed before it begins to 
take forcible measures to secure the whole nest to itself, 
and thus monopolise all the little bird's feeding atten- 
tions. Dexterously insinuating its head and shoulders 
under any unhatched eggs tliat may still remain, or 
under the bodies of its foster-nestlings, it raises them 
up on its back, and ruthlessly pitches them overboard. 
How a hedge-sparrow or any other bird can be so stupid 
as not to perceive the gross fraud thus pradlised upon 
it is difficult to explain upon any other principle than 
that, throughout the whole affair, Nature herself has 
been in league with the deceiver. First, it may be 
remarked that the cuckoo's egg is singularly small in 
proportion to the size of the bird. It is no bigger than 
that of the skylaj;^, although the cuckoo is four times 
as large. In regard to size, therefore, the egg may 
pass muster in a small bird's nesL Secondly, it is 
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observed that the ncwly-bom cuckoo has a back propor- 
tionately broader than in many other birds, with a depres- 
sion in the middle of it, as if expressly to facilitate the 
process of ejeilment Then it must be remembered that 
the old cuckoo remains too short a time in this country to 
admit of its rearing its offspring to maturity. The eggs are 
laid at intervals from about the middle of May to the 
middle of July, and at the end of that month the old birds 
take their departure. It is therefore necessary that the 
young should be left in charge of other birds which will 
take care of them and feed them when the parents leave- 
By September or OiSlober the young cuckoos have attained 
strength sufRcient to enable them to set out towards their 
winter quarters. From all these various circumstances, 
therefore, it clearly appears that when the bird drops her 
egg into a nest which is not her own, she is neither cruel 
nor destitute of maternal affe<5tion, but is only obeying 
an instindt of her nature which seems absolutely necessary 
for the safety of the future brood and the preservation 
of the species. 

Nowhere is the vulture regarded with friendly eyes, 
and nothing that can be said in his favour will ever make 
him a loveable bird. But, though his appearance be 
fierce and sinister and his occupation repulsive, it must 
not be forgotten that his work is of very great utility in 
the countries where he is found, and that he is admirably 
adapted for its performance. The quickness and certainty 
with which vultures divine where carrion is, or is likely 
to be, appears very remarkable. Hardly has the breath 
departed from the dying horse or camel, before they may 
be seen gathering in the air to the banquet The power 
by which they thus almost invariably congregate is not 
clearly ascertained. By some it isiattributed to the 
sense of smell. But that sense is little developed in 
birds, and in the vulture it appears to be remarkably 
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obtuse ; for that bird has been known neither to perceive 
nor suspedl the presence of canion in a covered basket 
placed by its side, although the odour emanating from 
it was overpowering. With greater reason the faculty 
has been ascribed to the acuteness of their sight; but 
although this may account for it in general, it hardly 
appears sufficient to explain every case. To a certain 
extent, therefore, the subject still remains a mystery. 

When gathered together at the scene of their work, let 
us observe how admirably they have been fitted for its 
performance. The bill of birds has been already com- 
pared to a hand ; in the vulture it is a hand armed with a 
very formidable weapon. The bill is both strong and 
hard, and equally well-fitted to cut, to lacerate, or to be 
thrust into the mass about to be devoured. Elsewhere, 
too, the long tieck of birds has been compared to an 
arm which applies the hand-beak where it is wanted. In 
the vulture this arm is strong, flexible and muscular, and 
both it and the head are naked or destitute of feathers. 
Should we not think the better of a workman who, in 
handling offensive matters, laid aside his coat and tucked 
up his sleeves? Now this is precisely what nature has 
done for the vulture! Its bare arm facilitates the per- 
formance of its work. Under every aspe^ the service 
is repulsive, but how much more repulsive it would 
have been if the "arm" had been covered with feathers, 
to be soiled with the foul matters with which it must 
necessarily come into conta<5t. 

The raven is another bird which has the misfortune 
not to be a popular favourite. In the East he is said to 
share the repulsive occupation of the vulture and the 
adjutant, a kind of crane from which the beautiful mara- 
bou feathers are derived, but in this country at least his 
diet is less objetSionable. He is, we fear, occasionally 
in the habit of plundering the farm yard : but if at rare 
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intervals he make free with an ill-guarded duckling, the 
loss is amply atoned for by the war he is always waging 
in the fanners' interest against some of the worst kinds 
of vermin. In other respe<5ls too the sober-tinted bird 
is distinguished for many good qualities. He is affection- 
ate and faithful to his mate, attached to the tree or the 
tower of his birth, and capable not only of great tender- 
ness to his offspring, but also of attachment towards 
various animals, and even to man himself. Superstition 
has unfortunately cast its debasing shadow upon the poor 
bird. There are people whose comfort for the day would 
be destroyed were they to meet a raven in a lonely spot, 
and its "ill-omened croak" even yet possesses terror suffi- 
cient to pale many a cheek. Surely it is time for the 
wide-spreading knowledge of the day to dissipate such 
fancies, more especially as they are often suggestive of 
cruelty towards these harmless creatures. 

Ravens were chosen on one remarkable occasion to 
shew forth God's power and mercy, by conveying to 
Elijah the food on which he lived when he was a fugitive. 
"And the word of the Lord came unto him, saying. Get 
thee hence, and turn thee eastward, and hide thyself 
by the brook Cherith, that is before Jordan. And it 
shall be, that thou shalt drink of the brook ; and I have 
commanded the ravens to feed thee there." "And the 
ravens brought him bread and flesh in the morning, and 
bread and flesh in the evening." i Kings xvii. Ravens 
are also interesting to us from their having been seledled 
by Christ to inculcate upon all men the lesson of trustfiil- 
ness in God. "Consider the ravens, for they neither sow, 
nor reap, neither have storehouse nor, bam; and God 
feedeth them. How much better are ye than the fowls." 

In the periodical migrations of birds we have a 
source of never-failing wonder. As certainly as winter 
approaches, and the first icy blasts begin to blow over the 
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land, our feathered visitors from the north swarm in upon 
us; while with returning spring they wing their way back- 
again to their summer haunts. In this migratory circle 
many of our winter wild-fowl annually revolve. In the 
land to which they repair they mate and build their nests 
and rear their young, until the passing season once more 
warns them that it is time to depart for the south. There 
is a corresponding southern migratory circle, in which the 
seasonal movements are just reversed — our visitors com- 
ing in the spring and leaving in autumn— but which is 
even more interesting to us than the former, since it 
brings the nightingale, the swallow, the cuckoo and the 
other favourite birds with which we more especially asso- 
ciate the bright days of summer. Migration, indeed, 
stritStly considered, goes on to an extent hardly suspedled, 
as it is calculated that five-sixths of all the feathered 
tribes shift their quarters more or less according to the 
change of season. Praftically, however, the term is re- 
striifted to the few birds which take long flights. 

The regularity with which migration occurs has been 
known from remote times, and is frequently alluded to in 
Holy Writ "The stork in the heavens knoweln her ap- 
pointed times; and the turtle and the crane and the swal- 
low observe the time of their coming." So fixed is the 
advent of some of these travellers that, in certain eastern 
countries at the present day, almanacks are timed and 
bargains struck upon the data it supplies. Nor is the 
period of return less remarkably pun<5lual in some of 
our British birds. About the middle of April the night- 
ingale makes its appearance in many localities, and there 
is seldom a difference of more than a day or two in 
the date of its annual return to the same place. Keen 
is the contest then between friendly neighbours as to who 
shall first enjoy the pleasure of hearing the expetfted note. 
Most frequently, perhaps, the nightingale is first heard in 
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the morning, because his journey ended only durir^ the 
previous n^ht; but little time is lost before he salutes 
with his song the gajden or the copse of his early days. 
At first his notes are low and interrupted, and he seems 
as if reserving himself for the arrival of his mate. Like a 
prudent pioneer he comes first by himself, as if to see 
that the old ground is clear, and that all> things are 
propitious for taking up house. In a few days thereafter 
he will be joined by his mate, and then the work of the 
breeding season will begin. There is something ex- 
tremely pleasing in the idea of birds seeking out not only 
their native clime or country, but even theirnative garden 
and the nest in which they were bom. Storks invariably 
return to their old quarters; swallows not unfrequently 
occupy the same nest during several consecutive years, 
and the same remark apphes to many other birds. 

The distances traversed in migration are enonnous. 
Certain little birds in America annually pass and repass 
from the Arflic circle to the equator. Africa appears to 
be the great winter home of the "southern miration" in 
the old world. Birds from the south-western distri^s 
of Asia, from Syria and ancient Babylonia, as well as 
from Russia and Turkey, pass, like the qu^l, into ^ypt 
and parts adjoining; while (host with which we are 
familiar on the western side of Europe return to Barbary, 
Algiers, and countries still farther to the south. Swallows 
are resident throughout the year in the neighbourhood of 
Sierra Leone, but their numbers greatly diminish in the 
summer, which is the period corresponding to their jour- 
ney into Europe. Taking this point as the southern limit 
of their migration, the length of their flight may be esti- 
mated at from one to three thousand miles. Not without 
cause, therefore, do we see bestowed upon swallows 
a strength of wing that is extraordinary in proportion 
to their size, and a rapidity of flight unequalled in any 
other class of birds. 
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The causes of migration and the means by which it is 
so uneiringly accomplished have always been a puzzle to 
naturalists. Most frequently the cause has been ascribed 
to seasonal changes of climate and temperature, and 
in regard to these matters birds are believed to be more 
weather-wise than we are; or as due to the failure of the 
customary supply of food, involving the necessity of seek- 
ing it elsewhere. Both circumstances are probably not 
without influence in inducing migration, but there roust 
be besides some powerful natural impulse. Nightingales 
and swallows confined in cages begin to be restless and 
agitated as the usual period for migration approaches, al- 
though they arc kept warm and carefully supplied with 
food. The same thing happens even to birds that have 
always been in confinement, and which, therefore, cannot 
be influenced by the example of companions. With futile 
efforts the little prisoner beats the cage with its wings and 
tries to break through the bars; and, when at last it sees 
tlie struggle is in vain, it often in despair pines away and 
dies. The impulse to migrate is so irresistible that it 
sometimes conquers the feeling of parental affeftion so 
strong in birds, as every year cases occur of swallows 
leaving their offspring to perish in the nest in order to 
troop off with their companions to the sunny South. 
These unlucky broods have been hatched so late in the 
year that they have not had time to attain size and 
strength sufficient for their journey. It is, therefore, not 
without wise design that the early period of spring has 
been fixed as the breeding season for most birds. By 
this anangement not only have the young ones the long 
period of summer abundance before them, during which 
they may grow and become hardy against the approach 
of winter, but time is also afforded to those that are 
migratory to acquire the requisite practice and strength 
of wing for their long flights. 
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The power which so unerringly guides the migrating 
bird across strange seas and continents is mysterious, 
and, indeed, at present incomprehensible. None of the 
senses with which we are acquainted, even though they 
were developed to the highest perfeflion we can con- 
ceive possible, would suffice for the purpose. As birds 
are so seldom seen when aflually on their journey it 
is supposed they fly chiefly during the night, and often 
at such an elevation in the air that they readily escape 
notice. From these circumstances it niay perhaps be 
inferred that the lamp which guides them— whatever 
it may be — is not dependent on external objetSs, 

The evidences of creative design are nowhere more 
beautifully displayed than in the eggs of birds, which 
can be watched with facility from the- earliest appearance 
of the germ up to the fully developed chick. The future 
bird first shews itself as a short white line, or " primitive 
streak" as it is called, lying on the membrane that con- 
tains the yolk. This germ gradually grows and develops 
itself, fonning in succession a spinal column, brain, and 
heart, with blood which is at first colourless and then red. 
The other organs appear simultaneously, or in succession. 
The egg itself, like a seed, is stored with abundance of 
food for the embryo; and, in proportion as this food is 
absorbed, room is made for the growth of the chick. A 
certain amount of aeration is required during develop- 
ment, and, therefore, the shell has been made porous. 
It is essential, also, that the rudimentary chick should 
always lie uppermost in the egg, in order that it may 
thus be placed next to the warm body of the hen during 
the process of hatching. To secure this end the yolk is 
made to float freely in the "white," and the side opposUe 
to the germ is weighted or "ballasted," so as always to 
lie lowermost Therefore, no matter how an egg is laid 
down, the germ inside will always be found to correspond 
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to the side that is uppermost. There is, moreover, a 
little reservoir of air at the thick end of the egg, easily 
recognised by its translucency when held before a candle, 
from which the chick slightly inspires before emei^ng 
from the shell, and it is thus enabled to emit the feeble 
chirps by which the ai5t is sometimes preceded- Anyone 
who has looked at the newly-born chick must have 
wondered how such a soft creature can deal with so hard 
a substance as its containing shell; but, if the upper part 
of the beak be examined, a few hard, homy scales will 
there be noticed. Thus nature has not forgotten to 
supply the chick with a hammer for the purpose of 
breaking open its prison at the right time. 

How truly, then, may it be said that the " fowls of 
the air" magnify the Creator by the evidences they afford 
of wise design! Heartily may we respond to the invocation 
contained in this verse of the Hymn for the sake of their 
beauty which gladdens the eye, and for the sake of their 
songs which delight the ear. Birds bring us vast stores 
of food to nourish us, clothing to keep us warm, comfort- 
able beds on which to rest, and oil to cheer the gloomy 
winter nights. Before the lightning was pressed into our 
service, pigeons were our swiftest messengers. Birds 
scatter and sow seeds all over the world. When their 
numbers are maintained within reasonable limits they 
are valuable friends to the farmer, repaying him for the 
grain they occasionally consume by picking up the germs 
of weeds, and by keeping insei5t life within due bounds. 
In the great work of intercepting and utilising animal 
matter hastening away to destniiftion through decay they 
take their full share. Their nest-building is a lesson in 
neatness, industry, and often in mechanical constru£lion. 
Books on Ornithology are full of delightful stories of 
their afieiflion towards their mates and their young ones. 
The interest they inspire dates almost from the dawn of 
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Sacred History. It was a dove which signalised to Noah 
in the ark that the waters were subsiding, and it thus 
became for ever associated in our minds with good 
tidings, and the passing away of wrath. 

In glancing at the bright green lawns that are so 
pleasingly charafteristic of English country homes, differ- 
ences are to be observed on which we may found a 
shrewd guess as to the ways of those who are accustomed 
to walk about on them. There are a few dull, lifeless 
lawns, comparable to the "desolate r^ons" of the 
ocean, on which birds scarcely ever seem to venture. 
Incessant persecution in some form has banished them 
from its borders, and the garden has thereby lost a charm 
for which no mere floral beauty can adequately compen- 
sate. On other lawns birds restlessly flit about like timid 
intruders. Seldom do they dare to lower their heads to 
feed, but with outstretched neck and startled look they 
seem to be always suspicious and uneasy. How different 
it is on more genial lawns, where the little visitors alight 
as welcome and protefted favourites, hop about familiarly 
as if they felt themselves at home, cheer and vivify the 
aspe6l of nature around, and recognise in a thousand 
winning but indescribable ways the friends who are accus- 
tomed to feed and pet them. 

A bird's nest, with its eggs or callow brood, is no 
bad lever with which to cast out from the young heart 
any seeds of cruelty which ignorance or thoughtlessness 
may have planted there. Among children it is universally 
an objeiS of the greatest interest With what del^hted 
curiosity they fix their keen glances on the nest to which 
they have been softly and with bated breath led up, and 
how eagerly they peer at the pretty eggs, or the helpless 
little birds lying huddled together in their home. And 
if, perchance, the mother has been surprised at her duty 
of incubation, with what astonishment they behold the 
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very bird which used to be so timid on the lawn now 
grown bold through maternal affeflion. Rooted to the 
nest, with body motionless, with eyes fixed and glassy, 
she appeals as if turned to stcMie. Seldwn, indeed; does 
the sight fall to tonch the good feelings of the child, and 
to bring them into that plastic state in which they may 
be readily moulded to humanity and gentleness. This is 
the propitious moment when the cruel impulse to seize 
and destroy may be easily changed by a few judicious 
words into the abiding desire to foster and proteft. 

Teach me to do Thy will ; for Thou art my God. 
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WHALES, AND ALL THAT MOVE IN THE 
WATERS. 

O ye whales, and all that move in the waters, bless ye 
the Lord: praise Him, and magnify Him for ever. 

HE need not here enquire critically into the 
ming of the word to which the term "whale" 
! has been applied in the Benedicite, since the 
invocation is obviously intended to include every inha- 
bitant of the deep. It is well known that the whale, 
although in reality a mammiferous animal, and belonging, 
therefore, to the same class as man himself, was always 
considered a fish up to the time of Linmeus; and, indeed, 
in the minds of not a few it continues to be regarded as 
a fish up to this very day. 

The Three Children, in their earnest desire worthily 
to praise God, passed in review all His. greatest works; 
and it must be admitted that, had they been masters of 
the whole knowledge of Natural History accumulated 
since their time, they could not have selected any 
creature " moving in the waters" more fitted to represent 
the power and wisdom of the Great Artificer. It is 
recorded that they were eminent for their attainments; 
and, therefore, they might easily have become acqufunted 
with this animal from the descriptions of merchants whom 
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commerce had made familiar with the productions of the 
Eastern and Mediterraneati seas. There was a time 
when whales frequented that great Atlantic inlet, and the 
circumstance of their having now forsaken it is probably 
due, not to any difficulty in regard to food or climate, 
but to their having been hunted off the ground. It is 
well known that seas which afforded rich whale-fishitigs 
even a century ago are now barren and profitless, and 
this timid, harmless creature is year by year driven farther 
away from the haunts of man, and deeper into the re- 
' cesses of the polar regions. He fights a losing battle 
with his human foes; for, from the more perfect appli- 
ances of modem skill, the chances are ever growing 
worse against him. It is the opinion of m;my naturalists 
that the Great Northern Whale is destined to disappear 
altogether from the earth at no very distant date; and 
Jhen, like the Ichthyosaurus and the other extinfl 
animals of bygone days, he will be known only by the 
bony relics he may have left behind him. 

There are many different kinds of whales. Som6, 
like the Cachalot or Spermaceti whale, are almost pecu- 
liar to the southern hemisphere; others, as the Great 
Whalebone Whale, inhabit the northern seas. It is well 
to recolleft that the latter is known by a variety of 
names. Thus it is often called the Right Whale, or the 
Mysticete, or the Baleen whale; again, it is familiarly 
termed the Greenland, or simply the Common Whale. 
We shall here direft attention chiefly to the Mysticete, 
because, from better acquaintance with its strudture and 
habits, we shall be able more clearly to perceive the 
fitness with which it illustrates God's power and bene- 
ficence. 

The whale is the leviathan of creation. The Rorqual, 
a species which sometimes gets stranded on our coasts, 
is a moving ma-ts of life often more than a hundred feet 
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long, and of extraordinaiy girdi, with a weight which has 
been known to reach two hundred and forty-nine tons. 
The common whale seldom exceeds seventy feet in 
length. In looking at the skeleton of the latter preserved 
ia the Museum of the London CoU^e of Surgeons, we 
perceive with astonishment a spinal column which in 
gAth and strength might be compared to the trunk of a 
goodly sized tree, and which in its thicker parts is built 
up of massive vertebral blocks, clamped together in the 
living animal by the toughest ligaments and cartilages, 
Yet every organ piled upon this huge frame displays the 
same wonderful and perfeft workmanship throughout 
Every single fibre of the muscle-masses wielding these 
ponderous bones, and every nerve and blood-vessel, 
down to struflures so fine that they cannot be seen 
without a microscope, or handled without the risk of 
breaking, have been finished with a. delicacy and beauty 
not surpassed in any department of creation. 

The head of the whale seems of monstrous aze, 
especially when viewed out of the water as the animal 
lies stranded on the beach. In the Cachalot, whidi 
is often seventy or eighty feet long, the head forms 
about a third of its whole bulk, a circumstance chiefly 
owing to the spermaceti which is lodged in a hollow 
on its upper surface. The jaws of the common whale 
are the portals of a mouth capacious enough to engulf 
a. boat; and, when brought home as curiosities hora 
AiCtic regions, they are sufficiently long and strong to 
serve as piers for gates and as supports for swings in 
playgrounds. Had the nature of this enormous creatuie 
been ferocious, those jawbones would doubtless have 
been armed with teeth of corresponding size, and he 
would have been the most fearful tyrant of the deep 
which it is possible to conceive — a monster more for- 
midable than the Ichthyosaurus or Megalosaunis of 
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ancient times. Happily the nature of the common 
whale is timid and gende, and he is fonnidable to no- 
thiDg except the small fry, medusae, and various little 
mollusks which swarm in the northern seas. 

Though living in the water, the wliale, like the 
dugong, porpoise, dolphin, and other cetacea, belongs 
to the mammalian oi highest class of the Animal 
Kingdom. The term whale-fishing, therefore, is mis- 
applied, though now fixed by custom beyond recall; 
whale-hunting would be a more corredl expression. It 
is distinguished from fishes by many vety clear marks. 
Fishes breathe by gills, which require the air to be 
conveyed to them through the medium of water. They 
seem always to be gulping or swallowing water, while 
in reality they are only propelling a current of it over 
the vascular fringes which form the gills. On the other 
hand, whales breathe by lungs, to which the atmosphere 
must be diredly adnutted. From this cause a fish dies 
if it be kept long out of the water, and the whale would 
be drowned if he were kept very long immersed in it 
The fish has "cold blood," a heart with only two cham- 
bers or cavities, and what is termed "a single drcula- 
tion." The whale is a "warm-blooded" animal, has a 
heart with four cavities, as in man, and has a "double 
circulation." In the fish, therefore, the blood which is 
sent firom the heart passes to the gills, and, after receiv- 
ing the small amount of aeration it requires, continues 
its course onwards to nourish all parts of the body. In 
the whale the blood is Jirst propelled from the r^A/ side 
of the heart, through die capillaries of the lungs, to be 
thoroughly aerated, or arterialized; and then it returns 
to the left side of the heart, whence it is propelled to 
circulate generally, and nourish the body. Fishes have 
no external ear-openings; whales have them, and hear 
well m the water. Lastly, fishes multiply by spawning; 
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whales bring forth their young aiive, and suckle them 
with the greatest tenderness. 

The whale, being an air-breather, requires to rise 
at intervals to the surface for respiration; but, as its 
hunting operations are chiefly carried on under water, 
it would obviously be a great hindrance were it obliged 
to come to the surface very frequently for that purpose. 
This circumstance has not been overlooked by the 
Great Artificer, and has been met by special modifica^ 
tions of structure, which are no less beautifiil than won- 
derfiiL And, first, it may be remarked that the quantity 
of blood in a whale b greater in proportion to its size 
than in most other animals, while the arrangements for 
its reception and circulation are on a corresponding 
scale. Hunter tella us that the heart and aorta of the 
cachalot "are too laige to be contained in a wide tub," 
and that ten or fifteen gallons of blood are pumped out 
by every pulsation, through an artery measuring a foot 
in diameter. Faley estimated this torrent as greater 
than the stream "roaring" through the main pipe of the 
water-works at c4d London Bridge! Now, in order to 
afford stowage-room for all this blood, it is found that, 
at various parts of the circidation, both arteries and 
veins have been made to assume a peculiar tortuous 
or plexiform arrangement, by which their capacity to 
contain blood is so increased that they may be con- 
sidered as forming colleflively a tubular reservoir! 
When the whale is breathing at the surface, the arterial 
reservoir naturally becomes filled with i^t may be 
called a supplementary store of highly aerated bloodi 
upon which the whale draws while under water, imtil it 
is exhausted by being changed into venous blood in 
the course of circulation. The whale must then return 
to the sui&x:e for a fresh supply. The diver, when 
vorking at the foundations of our piers or forts, carries 
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down with him the air which is to renovate his blood; 
but the whale carries down a supplemental stock of 
blood which is already renovated. By means of. this 
simple but wonderful adaptation whales usually remain 
from five to ten minutes under water between the breath- 
ing periods; while some of the larger kinds are said to 
be able to remain for an hour and a half without coming 
to the surface. 

The whale does not breathe through its mouth, but 
through the nostril or "spiracle" placed conveniently 
for the purpose at the very top of the head. At such 
times it is to be seen spouting or "blowing," The 
fnechanism of this ai5t is admirable. In the passage 
leading to the nostril there is a sac which, inferiorly, 
communicates with the back of the mouth, and, superior- 
ly, with the external surface by means of the spiracle. 
IVhen the whale is about to "blow," the sac is filled 
from the mouth with water mixed with air, and the 
opening between the two is then closed. The sac is 
now foreibly compressed by a muscle spread over it 
like a net, by which action the water, unable to escape 
downwards, is forcibly driven through the upper aper- 
ture, or spiracle, so as to spout into the air like a water- 
work. It is as if a caoutchouc syringe filled with water 
were suddenly grasped by a powerful hand. To make 
this struifture perfefl, the spiracle when not in use is 
closed partly by its valvular margin, but still more effec- 
tually by a hard, tendinous strudlure, like a plug, which, 
being drawn into the orifice by means of a special 
muscle, is held there by the pressure of the outside 
water, and the greater that pressure is, the more firmly 
is the plug wedged in. 

The skin of the whale is of extraordinary thickness 
and, under several points of view, illustrates the wisest 
design. The blubber which yields the oil is not coUefl- 
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ed in a layer under the skin, as is commoDly thought, 
but is distributed through the substance of the skin 
itself. To form a corre^ idea, of this stmdlure we have 
only to suppose ordinary skin loosened or opened out 
into innumerable interstices or cells, in which the oily 
matter is lodged. In this manner fresh blubber ac- 
quires a firmness and elasticity which enables sailors, 
in "flensing" the whale, to cut it up into conveniently 
sized pieces with their spades, when it becomes ne- 
cessary to stow it away in barrels for the homeward 
voyage. 

The oil thus lodged in the meshes of the skin invests 
the whale with a covering which in many places is two 
or three feet in thickness; and, from its non-con dueling 
qualities, no blanket could be conceived better calcu- 
lated to preserve the temperature of a warm-blooded 
animal exposed to the chilling influences of polar seas. 
Without some aid of this kind it is difficult to imagine 
how whales could exist in such climates. 

The blubber renders another important service to 
the whale by a<5ting as a float Were there no special 
contrivance to assist in buoying up the enormous weight 
of muscles and bones which chiefly compose his bulk, 
it would be difficult for the whale to support himself 
at the surface of the sea for the purpose of breath- 
ing. 

The blubber-skin is likewise of essential use in ^)rc>- 
te^ing the whale against the enormous pressure to 
which he is occasionally exposed when swimming at 
great depths. On the surfece of the sea the pressure 
is equal to about fifteen pounds to the square inch; but 
at the great depths to which the whale is known to 
descend, it may be a ton, or even more, on the same 
superfidal extent, a pressure sufficient to force water 
through the pores of the hardest wood, so as to make 
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it afterwards dok like lead. It is needless to observe 
that such compression applied directly to the internal 
organs of a mammalian would be fatal to life. No mere 
skin, though it were twice as thick as the hide of a 
rhinoceros, and no mere layer of iat, though twice as 
thick as the coating of blubber found in the whale, would 
suffice to intercept it But the strong, elastic combina- 
tion of both constituting the blubber-skin answers the 
purpose admirably, and, hke a barrel, or circular arch 
built round the body of the whale, defends the vital 
organs from injury. 

The whale is an expert swimmer. Though usually 
moving at a gentle pace, it can skim over the surface 
in a way which has procured for it the distindtion of 
beii^ called "the bird of the sea." When harpooned, 
it can dive into what are termed "unfathomable depths" 
with startling rapidity. Scoresby tells us that on one 
occasion a wounded whale carried the line sheer down- 
wards for nearly a mile widi the quickness of an arrow. 
With almost equal ease and velocity it can lift itself up 
again to the surface. In all these movements it depends 
on the strength of its tail The extremity of this won- 
derftil scull is flattened out into a blade, which often 
has a surlace equal to a hundred square feet; and, for 
the sake of acting more effectually in diving and lifting 
movements, it is spread out horizonally, not, as in fishes, 
vertically. The power of the muscles which wield this 
scull is enormous. When excited the whale lashes the 
sea all around into foam, and can sink or crush a boat 
with a single stroke. Darwin tells us that while soling 
along the coast of Tierra del Fuego, he "saw a grand 
sight in several spermaceti whales jumping upright quite 
out of the water with the exception of their tail fins. As 
they fell down sideways, they splashed the water high 
up, and the sound reverberated like a distant broadside." 
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IVhen we think of the Weight" of those whaJes, we may ' 
form some idea of the force that must have been re- 
quired to hft them up from the sea in the mamier de- 
scril)ed. Who can feel surprised that whaling should 
be considered a service of danger? The wonder is 
that, in the encounters which occur with the leviathan, 
he should so generally be worsted. 

In some whales, as in the Cachalot, the lower jaw 
is furnished with powerful teeth, which enable them to 
prey upon lai^e fishes, seals, and porpoises. The com- 
mon Whalebone Whale feeds chiefly on the myriads 
of diminutive mollusks, jelly-fishes and crustaceans that 
abound in the polar ocean, and its gullet is singularly 
narrow in relation to the size of the animal, and espe- 
cially when contrasted with the vastness of the mouth. 
A good authority afiiims that the gullet does not exceed 
an inch and a half in width; from which it may be 
inferred that a morsel which could be easily managed 
by a cormorant or a pike might possibly choke a whale. 
This circumstance, taken in connexion with the faft 
that it has neither teeth nor claws, sufhciently indicates 
that the whale is not formed to attack or seize a large 
and active prey; nor, even if the prey were caught, could 
the whale rend it into pieces small enough to permit of 
its being swallowed. 

On the other hand, the whale is supplied with a 
most effident apparatus for catching the peculiar kind 
of food on which it is destined to live. All round the 
mouth, instead of teeth, closely set plates of whalebone, 
terminating in thick, coarse fringes, project from the 
upper jaw in such a way as to convert the spacious 
cavity within into an enormous sieve. And, as if the 
size of this food-trap were not ample enough, it has 
been increased in several species of whale by dilating 
the floor of the mouth into a large bag. When the 
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whale closes his jaws upon a mouthful of food-COntaining 
sea-water, he passes it, as it were, through the strainer; 
the superfluous water being expelled through the fine 
whalebone meshes, while everything that is fit for 
nourjshment is retained and swallowed. 

One of the duties assigned to the whale in Nature's 
economy is to check the inordinate increase of certain 
kinds of animal life. Fiazzi Smith mentions that, when 
sailing along the mai^n of the Trade-winds, he fell 
in with a group of three whales feasting upon a shoal 
of jelly-fish. The shoal was from thirty to forty miles 
ia length, and was computed to contain not fewer than 
335 millions of individuals. Here, indeed, was a case 
where Nature's lavishness obviously required pruning; 
so the three whales had been "told off" to do the work. 
And yet, strange though it may appear, the a^ual num- 
ber of creatures swallowed by the whales at their ban- 
quet was as nothing compared to the countless millions 
of living organisms that are sometimes required to make 
up a feast for a single medusa! On examining the 
stomach of one of these inert-looking lumps of medusa- 
jelly, it was found to contain myriads of microscopic 
diatoms on which the creature had been regaling itself 
when surprised by the whale. To arrive approxima- 
tively at the aggregate of life here indicated, one would 
have to multiply the 225 millions of medusae by that 
infinitely greater figure represented by the included 
diatoms. The latter were enveloped in their siUceous 
shields, and thus a singular instance was exhibited where 
living organisms so hard that they may be described as 
coated with flint, were sele^ed as a banquet by the 
softest animals in creation. Jelly though the medusa 
be, these flinty substances cannot resist the vigour of 
its digestive power. 

Circumstantial evidence su^ests that the great mysti- 
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cete should find a place in the history of ar^Ic disco- 
very; for, at a time when the existence of a north-west 
passage was still in doubt, the question was virtually 
solved by a Greenland whale. In the "fishery" it is 
usual to mark the harpoons with the name of the ship 
and the date of the voyage. On one occasion it happen- 
ed that a whale was killed not far from Behring's Straits, 
and in its body was found a harpoon labelled with the 
name of a Greenland ship, by one of whose crew the 
weapon had been implanted at an early period of the 
same season. The question that naturally arose was — 
How did the whale get to Behring's Straits? Now it is 
ascert!uned that the common whale never crosses the 
line; for the warm sea-water and the hot climate of the 
Equator form a barrier through which it will not pass. 
Moreover, the interval since the whale in question had 
been haipooned near Greenland was too short to have 
afforded time for it to come round either by the Cape of 
Good Hope or Cape Horn. The conclusion, therefore, 
which almost necessarily followed was that the whale 
must have travelled by the short, direct route of the 
north-west passage. The circumstance seemed also to 
indicate the important fa6t that the intervening polar sea 
must have been nearly, if not quite, open throughout, 
for, as we have seen, the whale cannot remain long 
under water at one time. 

The whale appears to have been anciently captured 
in the Bay of Biscay by the hardy fishermen of the coast, 
and by the Norwegians in the German ocean, less for the 
sake of its oil or whale-bone than as an article of food. 
We are assured in the Naturalists' Library that when 
the flesh of a young whale is cleared of its fat, and then 
broiled and seasoned with pepper and salt, it eats some- 
what like coarse beef Even the blubber, when pickled 
and boiled, is said to be "very palauble." We know 
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that the Esquimaux generally regard it with favour. A 
stranded whale is truly a godsend to the ill-supplied 
inhabitants of polar regions. They banquet on the flesh, 
and cany the oil about with them as a refreshing cordial. 
When the internal membranes are stretched and dried, 
they become sufiidently transparent to serve as windows 
for huts. The sinews are torn into filaments to be used 
as thread for sewii^. Some of the bones are fashioned 
into spears and harpoons for killing sea-birds and seals. 
Various other parts of the whale are likewise turned to 
account in the construftion of tents and boats. 

The English whale-fishery began at Spitzbergen in 
1598, where it had been previously carried on by the 
Dutch. Until recently from 1800 to aooo whales were 
annually caught; and, indeed, the fishery has been fol- 
lowed up with a success which threatens the annihilation 
of the northern whale altogether. In the arftic seas this 
inoffensive animal has no other enemy than man; but in 
those of Australia the whale, which some assert is the 
same as the northern, has to encounter the attacks of 
a kind of porpoise, which are locally termed "killers." 
These animals hunt in company, and worry the whale, 
like a pack of dogs. Sometimes they bring the chase to 
bay, and thus incidentally serve as "pointers" to ships 
engaged in the fishery. Though smaller than the whale, 
many of these killers are 25 feet long, and, considering 
their strength and their terrible armature of teeth, must 
be very formidable enemies. 

The whale is seen to greatest advantage when floating 
lazily on the surface, or skimming lightly over it, and spout- 
ing its curving stream of water into the air. But viewed as 
he lies stranded on the shore, he is, perhaps, the most mon- 
strous and ungainly beast to be found in creation. Yet this 
huge lump of life is animated with a warm and affeftion- 
ate heart The whale nurses her yoimg with tenderness, 
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and carries it about tinder her flappers until it is weaned, 
or until the growth of the whalebone sieve in the mouth 
is so far advanced as to enable it to catch food for itself. 
Often may the pair be seen disporting themselves and 
gamboling in the water; and, when danger threatens, the 
mother either hastily bears its young one off to some 
secure place, or defends it bravely against assailants.. 
Seldom can she be made, even when wounded, to seek 
her own safety in flight, and sometimes she has been 
known to perish rather than desert her offspring. The 
affection which the mated whales display for each other 
is no less remarkable. "Captain Anderson relates that 
having struck one of two whales, a male and a female 
that were in company together, the wounded one made a 
long and terrible resistance; it struck down a boat with 
five men in it by a single blow of the tail, and all went 
to the bottom. The other still attended its companion 
and lent it every assistance, until at last the whale that 
had been struck sunk under its wounds, while its faithfiil 
associate, disdaining to survive the loss, stretched itself 
upon the dead animal, and shared its fate." Every old 
sailor familiar with the "fishery" has something to tell 
in honour of this peculiar trait of whale-nature. With 
such stories floating in our mind, we think less about the 
whale's ugliness than we did before, and note with 
pleasure the play of those warm affe^ions which never 
fail to interest and delight, whether they be exhibited 
by the most beautiful or the most homely of God's 
creatures. 

In Holland a considerable quantity of glue is manu- 
fatftured from the mysticete, but its chief value consists 
in the whalebone found in the mouth and the oil con- 
tained in the blubber. Speaking anatomically, whale- 
bone is of the nature of horn, and the loose fibres with 
which it is fringed closely resemble a very coarse kind 
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of hair. The numerous uses to which it is applied are 
familiar to all. The skin of a "good fish" will generally 
yield about thirty tons of oU. The whale-fisheiy, includ- 
ing that of the southern hemisphere, has been ranked as 
"the most valuable industrial pursuit of the sea," and 
gives employment to vast fleets of ships. 

If the produ<5liveness of the whale-fishery be decreas- 
ing, it may be considered providential that the falling 
off is only of recent date, and that the discovery of Other 
sources of artificial light has been coincident with it 
Thus the seal-tribes are rapidly becoming rivals to the 
whale in an economical point of view. Oil extradted 
&om the liver of various kinds of fish is now well known 
in the market Many new kinds of vegetable oil are 
in use. Vegetable wax is largely imported. Camphine 
yields a bright and economical light Of greater im- 
portance is the recent manufacture of paraffins, or mine- 
ral oil, from waste coaly matters and bituminous shales, 
which is being developed in this country with extra- 
ordinary success. But unquestionably the greatest addi- 
tion made to our light-giving power in these days has 
been the discovery of the oil-springs of the earth, on 
which some observations have already been made. Thus 
there is reason for thankfulness when we iefie<5l that, 
although one source is likely to be impaired, others are 
gradually opening up .to us through the never-failing 
providence of Our Father, 

Fiaised be the Lord daily; even tlie God who helpeth us, and 
poureth His benefits upon us, Ps. Ixviii, 

t ' Iii the brief space ^t remains for the further ton- 
^deration of "all that move in the waters," more cannot 
be done than merely to give a rapid glance at some 
interesting points connected with the habits and general 
struflure of fishes, j ■ '. : 
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It is a, pleasant ught to watch the finny tribes as 
they swim about in the transparent waters. The whole 
fish is an instrument of pr<^ession, the veiy ideal of 
easy, gracefiil movement The filmy, waving fins im- 
planted on its sides and back balance, stop, and steer, 
besides aiding in slight changes of position, but the 
chief propelling power is in the tail. The entire body 
forms an animated scull, of which the bony vertebral 
column is the stem and the tail-fin the blade, while the 
powerful muscles grouped advantageously along both sides 
ply it with vigour, and ui^e the fish forwards with a dex- 
terity and effedi which no artificial sculling can rivaL 
The body of the fish is solidly massed in iront to afTord 
a firm support from which the scull may woilc, and the 
head is joined on to it without any intervening neck 
in order that it may offer a stiffer wedge in deaving 
through the water. How smoothly and with what little 
effi>rt fishes ^de gently against the current, or pdse 
themselves nearly motionless with head to stream, wait- 
ing patiently for their food to float down towards them. 
But, if suddenly alanned, the whole water is thrown 
into commotion, as with a few vigorous tail-strokes they 
dart away with the quickness of an arrow. When fishes 
leap into the ^r, they gain the required impulse by a 
sudden blow with the tail against the resisting water. 
Even the feats of the, so-called, flying-fish are really 
not flints, but immense bounds produced by a jerk of 
the tail. The large peroral fins are never used as wings, 
although they a£t as parachutes In breaking the force 
of the fall back into the water. 

The covering of fishes is admirably adapted to the 
medium in which they live. To resist the macerating 
action of the water they are, as it were, tiled over, like 
the roof of a house, with impermeable scales; and the 
direction in which these lie and overlap is the one 
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which offers the least impediment in swimmii^. Scales 
present much variety of form in different fishes. They 
are pretty objects when viewed in the microscope, and 
are manufa<5tuied into many kinds of useful ornaments. 
Popularly they are regarded as a mere external epiderm, 
but in reality they are developed within the substance 
of the skin, and are covered by the cuticle as well as 
by a layer to which they owe their colour. In struc- 
ture they approach more or less to the nature of bone. 

In a few fishes, as in the slender pipe-fish and the 
burly trunk-fish, the scales are neatly joined together 
like a piece of finely tesselated pavanent, and have 
very much the chara<£ler of plates of bone covered with 
a layer of enamel. This kind of scale-armour, though 
rare in exisdi^ fishes, was common among the older 
races, and universal among those that swam in the most 
ancient waters of the globe. The nearest approach to 

. an external bony skeleton among the fishes of this coun- 
try is found in the sturgeoiL This ungainly creature is 
the scavenger of Europesm rivers, routing with its snout 
among the mud and stones that form their bed, and it 
is probably to guard against the pressure and tough 
blows which sudi an occupation involves that it is pro- 
vided with this shield. 

To diminish fiiftion during rapid movement, as well 
as for protection against the maceratmg a<5tion of the 
water, nature has taken care 'CaaX the scales shall al- 
ways be well lubricated. Birds, as is elsewhere noticed, 
make tiieir plumage impenneable to water by diffusing 
an oily matter over it by means of their bills; but as 
the want of a flexible neck in fishes precludes any ana- 
logous a€tion, die same result is obtained by a beautifidly 
designed modification of stru€lure. Thus the lubricat- 
ing glands, instead of being gathered together, as in 

-birds, so as to form what may be termed an "oil bottle" 
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near the tail, are ananged in a row along either side 
of the body, where with their investing scales they con- 
stitute the conspicuous "lateral line." Through openings 
in these scales the lubricating Suid exudes, and it is 
subsequently diffused over the surface by the a<aion of 
the water during the movements of the fish. 

Fishes possess little power either of touch or taste. 
The scaliness of the skin, indeed, precludes the former; 
while the latter would be unnecessary, as the food is 
for the most part merely seized and gorged or gulped 
down into the stomach, without previously undergoing 
anything that can be called mastication. In some fishes, 
as in the barbel and rockling, there are flexible feelras 
appended to the mouth, which must be considered as 
oi^ns of touch of considerable delicacy, fitted to aid 
them in the seleftion of their food. Fishes also possess, 
in a slight degree, the sense of smelL Hence they are 
sometimes caught by persons who have smeared their 
hands with strongly scented matters; and Mr. Jesse re- 
lates that certain fishes which he kept in a pond gave 
the preference to bait that had been perfiimed. Hear- 
ing is a sense of more importance to fishes, and, although 
there is no external opening or ear, the essential parts 
of the oigan are found internally. There can be no 
doubt, therefore, that they possess this sense, though not 
acutely. In corroboration it may be mentioned that in 
China tame fish are sometimes called together for feed- 
ing by means of a whistle, some have been taught to 
pay attention to the ringing of a bell, while others 
have been seen to be startled at the sound of a guA. 
In the latter case, however, the effedt may have been 
produced by the concussion communicated to the water. 

Vision, on the other hand, is of high importance to 
fishes; accordingly the nerve of seeing is laigely deve- 
loped, and the optica) apparatus of the eye \% admirably 
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adapted to the medium in which they hve. Fishes do 
not possess a lachrymal gland, and it is obvious that 
tears cannot be required to moisten the eyes of animals 
living in the water. Where the obscurity is so great 
as to afford no light, eyes are of course useless, and 
are reduced by thrifty Nature to a merely rudiment- 
ary condition. From this cause fishes living in the 
dark lakelets of the "mammoth caves" of Kentucky, 
which have been traced for ten miles underground and 
are known to extend much further, are destitute of or- 
gans which they cannot turn to account But, as a 
compensation for this visual defe<ft, they are endowed 
with wonderM acuteness of hearing. 

Fishes are preeminently omnivorous, and they can 
deal with everything, from a soft jelly-like medusa up to 
hard lobsters and masses of stony corals. A few browse 
peacefully on tender sea-weed or fresh-water plants, but 
the majority are ravenously carnivorous and prey upon 
one another. It is not to be wondered at, therefore, 
that the variety observed in the number, shape and posi- 
tion of the teeth should be greater in fishes than in any 
other class of animals. The sturgeon and a few others 
have no teeth. Some have only three or four; while in 
many they are so numerous that they cannot be counted. 
Some teeth are so fine that they resemble the pile on vel- 
vet, as in the perch; other teeth are like bristies, or cones, 
or blades for cutting, or saws, or grinders. The mouth of 
a shark is armed with the most cruel-looking teeth. Of 
these some are obviously designed for stabbing and 
cutting, others for tearing and sawing. The wolf-fish has 
powerful front teeth for seizing, branching outwards like 
grappling-hooks, and, as it finds its chief nourishment in 
lobsters, whelks, and other shell-proie<Sed creatures, it is 
likewise supplied with some massive blocks of teeth 
between which the shells are crunched into fragments. 
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A still harder diet forms the favourite food of the scams, 
or pairot-fish, of the Pacific, which, as Owen observes, 
"literally browses upon the corals dothii^ the bottom 
of the sea, like a richly tinted-carpet, just as the 
ruminant quadrupeds crop the herbage of the dry land." 
Its objeft is, of course, to get at the minute polypes ; but 
as these, when disturbed, shrink into their cells, the 
parrot-fish can only reach them by grinding down the 
coral mass; for which purpose its strong, broad jaws 
are laid with teeth consolidated together like a pave- 
ment 

Every angler has stories to tell of the voracity of 
fishes. They live for the most part by pre3mig on each 
other. A pleasant naturalist, Mr. Jesse, mentions that 
on one occasion he had an opportunity of ascertain- 
it^ that eight pike, weighing five pounds each, consumed 
nearly eight hundred gudgeons in three weeks. On the 
other hand, the weaker fishes have not been left alto- 
gether without the means of escape or defence. Flat 
fishes partly owe their safety to the sameness of colour 
subsisting between them and the bottom of the sea or 
river on which they usually lie. We know by experience 
how difficult it is to deteift them so long as they remain 
motionless and half buried in the mud. Hence, as fishes 
hunt by sight, they readily escape notice; and the same 
inconspicuous colour which protefls them firam their 
enemies, favours the unsuspefting approach of the crea- 
tures on which they prey. So important does colour 
appear to be, that ground fishes are invariably found to 
have the same general tint as the bottom soil, whatever 
that may be ; and it is even affirmed that fishes have to a 
certain extent the power of gradually changing their 
colour, and assimilating it to that produced by alterations 
in the colour of the bed itself. Many fishes, as srickle- 
backs and perch, have strong sharp spines implanted on 
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the ridge of the back, which under the excitement of fear 
or anger are erefled like bayonets, so as to be equally 
available for attack or defence. The Diodon, or Globe- 
fish of the Brazil coast baffles its enemies by a very 
singular device. This creature, by swallowing air, puffs 
itself out like a ball, and the sharp spines covering its body 
are thus brought into an ere6t position. It may be easily 
supposed that a fish stuck round with daggers, like a por- 
cupine or hedgehog, has no attra<5lion for even the most 
voracious of its enemies. It sometimes happens, how- 
ever, that a shark snaps it up before it has had time to 
inflate itself; but no sooner does it get into the stomach 
than it begins, if the shark's teeth have left any life in it, 
to blow itself up into a very awkward morsel. Not only 
has the Diodon been found in this situation inflated and 
bristling, but it is asserted that it has been known 
adlually to eat its way out of prison. 

The saw-fish is so called because it has the upper 
jaw prolonged into a most formidable bony weapon, 
from which teeth project on either side so as to give it 
somewhat the general appearance of a saw. The sword- 
fish has the jaw lengthened out into a round spear three 
or four feet in length, of great strength, and finely 
tapered to a point. Men have been stabbed to death 
by this fatal weapon. The sword-fish has, it is said, a 
strong antipathy to the whale, and has been known 
to run full tilt at ships under the erroneous idea, as is 
thought, that it was charging one of its natural enemies. 
The shock of the blow on these occasions is sometimes 
so great as to lead the crew to suppose that their ship 
has struck upon a rock. It is believed that ships have 
aftually been sunk by the water rushing in through the 
hole thus made; but more frequently the "spear" itself 
is broken off from the violence of the thrust, and the end 
left behind in the vessel's side afls as an efficient plug. 
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Among the various means of attack and defence 
possessed by fishes, the power which a few possess of 
discha^ng an eleflric shock at their enemies is, pertiaps, 
the most remaricable. Such animated batteries are ob- 
served in various fishes, but are chiefly developed in the 
Silunis of the Nile; the Torpedo, a kind of Ray found in 
the seas of Southern Europe; and in the Gymnotus, or 
elecSlric eel, which is peculiar to some of the rivers of 
South America. The capture of the Gymnotus has been 
graphically described by Humboldt Well knowing that 
these creatures exhaust their eleftrical power and be- 
come innocuous after repeated discharges, the natives 
forcibly drive horses into the waters where they abound ; 
and as soon as the horses, to their extreme terror as well 
as suffering, have received all the shocks which can be 
given at that rime, the owners quietly step in, and secure 
the spent eels as prizes, 

The instin<Ss and powers with which the Creator has 
endowed fishes for the purpose of meeting certain local 
or climatic difficulties are truly wonderful In Ceylon 
many well-stocked reservoirs and streams dry up during 
the hot season, but the fishes habitually rescue them- 
selves by migrating across fields and forests in quest of 
water. The most extraordinary part of the case is that, 
if there should happen to be a pool still remaining in 
the neighbourhood, they instiniStively divine its situation, 
and make for it as straight as a crow could fly. Sir 
J. E. Tennent gives a curious vignette in which a troop 
of fishes are seen en route on one of these occasions, 
and considering they are almost as devoid of legs as 
serpents, without having been formed like them for 
crawling, it is wonderfiil what distances they traverse in 
their journeys. They have the instindl always to set out 
by night, or in the early dawn, so that they may have 
the advantage of the dew then lying heavy on the 
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ground. As a special provision against the drought of 
the climate, some of these fishes are supplied with a 
peculiar stniflure near the top of the gullet, dependent 
on an expansion of the pharyngeal bones, which enables 
them to retain for a time as much water as is sufficient 
to keep the gills moist during their venturesome jour- 
neys. In our own country eels occasionally travel short 
distances across meadows. Within the tropics some 
fishes escape death fi'om starvation by burying them- 
selves in Uie mud on the approach of the dry season. 
The famous Lepidosiren of the Gambia forms for itself 
a cell or chamber in the soft mud, which soon becomes 
baked hard over it, and there it remains in a torpid 
state until the return of the floods. Some fishes in Cey- 
lon insert their head into the mud, and bore in with the 
whole body until they come to a sufficiently moist layer, 
in which they bury themselves. The sun then bakes the 
superjacent clay, and seals them up as in a bottle, 
where they remain torpid until liberated by the loosen- 
ing of the mud on the return of the rsuny season. In 
India, Slam, Guiana and elsewhere, there are many mi- 
gratory and burrowing fishes, and they probably exist to 
a greater or less extent in all tropical countries subjedl 
to droughts. 

In higher latitudes, on the other hand, fishes some- 
times bury themselves on the approach of cold weather. 
Eels for the most part descend from the shallow rivu- 
lets to deeper water, but many occasionally get caught 
by the frost and are sealed up in the mud. Hence it 
is said that in some parts of England, the country people 
are in the habit of digging up half fi-ozen, torpid eels 
in the winter time. On the coast of Coromandel there 
is a kind of perch which not only makes excursions 
inland in search of food, but which actually pursues its 
prey, a small crustacean, up tall trees, and is provided 
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for the purpose with a climbing apparatus appended to 
its fins. 

There is not much to be said in praise of the pa- 
rental tenderness of fishes. They strive with the per- 
severing energy of instini5t to ascend rivers, approach 
shallow coasts, or get into other situations favourable 
for the deposition of their spawn; but with this aift 
their maternal cares come to an end, and the eggs are 
left to take their chance. To this rule, however, there 
are a few exceptions. A shrewd naturalist of ancient 
times, Aristotle, affirmed that in the Mediterranean there 
was a fish which built a sort of nest or house, in which 
it laid its spawn; and modem observation has not only 
confirmed this statement, but has shewn that while the 
Phycis is attending to her maternal duties in the nest, 
her faithful mate mounts guard outside and protects 
her against intrusion. In the muddy streamlets of Guiana 
a fish is found abundantly which the inhabitants highly 
prize as food. It is locally called Hassar, but it has 
received from naturalists the name of Callichthys — 
beautiful fish — as a tribute to its scaly splendour. It 
builds a kind of nest with the more delicate shreds of 
plants growing in the water; and the fishermen, know- 
ing the assiduity with which the parents hover near their 
spawn, are accustomed to slip a net under the place 
where the nest is situated, and then by suddenly raising it 
up out of the water rarely fail to secure them. 

One of the few instances of parental affeiSion observed 
in fishes, is to be found in the bright little stickleback, 
with which the boyish recollections of many of us are 
associated. Neither is it surpassed, perhaps not equalled, 
by any other fish in the skill with which it construifls 
its habitation. Out of Stray bits of grass or straws blown 
into the river, or the most delicate of the aquatic plants 
within reach, a nest is built, in shape not unlike a di- 
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minutive barrel, with an opening at each end to facilitate 
easy ingress and egress; and round this castle the brave 
little stickleback diligently mounts guard, and tolerates 
no prowling intruders. Where these fishes are numerous 
such castles abound, though from their colour closely 
resembling that of the other plantal surfaces around, it 
is not always easy to distinguish them. There is some- 
thing almost ludicrous in the bravery of this minute 
champion — this preux ckevalkr among fishes. The Rev. 
J. G. Wood tells us that "his boldness is astonishing, 
for he will dash at a fish ten times his size, and, by 
dint of his fierce onset, and his bristly spears, drive the 
enemy away. Even if a stick be placed within the sacred 
circle, he will dart at it, repeating the assault as often 
as the stick trespasses upon his domains." 
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Such are a few illustrations of God's power, benefi- 
cence, and design which a cursoiy glance at nature 
brings most readily to our thoughts; but the field is 
boundless, and, did space permit, might be profitabl)' 
surveyed from other paths. Below the higher ranks of 
the Animal Kingdom more espedally noticed in this 
book countless tribes exist, the contemplation of whose 
habits and strui^ure is not less interesting to us, or less 
glorifying to the Creator. Is it not to be regretted 
that, amid the various branches of education which com- 
pete for the time of youth, Natural History is still so 
much negle(5ted ? What solid, enduring advantages would 
result were it an established study, instead of being a 
mere accident of school-life ! Would it not also be better, 
in every point of view, if more attention were dire<5ted 
towards it in institutions designed for the improvement 
of the working classes, even though it trenched a httle 
on the time usually devoted to politics or critical dis- 
cussion? A profound acquaintance with Natural History, 
it is obvious, can only be attained by few; but every- 
body, in these days of open museums and cheap books, 
may easily prepare himself with knowledge sufficient to 
crowd his walks with pleasure. 

And not with pleasure only! While leading its fol- 
lowers among the "green things upon the earth," the 
pursuit of Natural History strengthens both mind and 
body, and awakens trains of thought that are well cal- 
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culated to adl as a shield against the temptation of 
grosser pleasures. Not many persons, perhaps, habitually 
realise the extent to which devotional feelings may be 
roused by the contemplation of surrounding obje<5ts. 
Yet we cannot doubt that these obje<5is are placed there 
to fiilfil that veiy purpose; and when we reflect how 
much they are interwoven with our happiness, and the 
relief of our wants, ought they not naturally to excite 
in us both love and thankfulness? Thus were they wisely 
used by the Three Children in their Hymn. Nature is 
a book written by the finger of God Himself, and of 
which every page is filled to overflowing with illustrations 
of His wisdom; it is a pifture in which His goodness 
is painted in colours of perfefl truth; it is a sculpturing 
in which His power is expressed in marvels of form 
and harmony. Who does not long to be able to read 
this book, to view with appreciation this pidture, to 
study with intelligence the wonders of this sculpturing? 
Next to the knowledge which saves, what more predous 
knowledge can there be than this? 

It is never too early to instil tenderness towards 
all creatures into the young heart, and it almost seems 
as if the attraAive lessons of Natural History courted 
o^ notice in order that they might be used for the 
purpose. Such teaching should not depend exclusively 
upon appeals to feeling, for diough a good guide in die 
main, feeling sometimes leads astray, and prompts to de- 
stroy as well as to save. Feeling, therefore, stands itself 
in need of corre<5lion, and has to learn its own lesson. 
With feeUng must be associated some of that know- 
ledge which causes interest to spring up in the young 
mind; but, above all, it must be imbued with the pnn- 
dple of respell Jor the life which God has created. It is 
our privilege to be entrusted with dominion over every 
living thing; but, as stewards of His providence, we are 
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bound to carry out His rule of government, and care- 
fuily to distinguish between checking life that is injurious, 
and wantonly destroying hfe that does no harm. All 
animals live by the same title as ourselves — the WiU 
of the Creator; and, when unoffending, they have the 
same right to existence. Let the child, therefore, be 
taught to regard life as sacred for the Creator's sake. 
God made it. Cruelty in the young is for the most 
part only a repulsive form of thoughtlessness, and a really 
cruel child is a rare phenomenon. It is an outrage 
upon that innocence of heart in which we delight to 
think nature has enshrined the opening days of life. It 
is a sight that perplexes almost as much as it distresses 
us. The remembrance of it haunts us like an evil dream, 
and casts a gloom over the rest of the day. 

On the other hand, how pleasing it is to see child- 
hood on good terms with all God's creatures — to watch 
the little one in whose gentle vocabulary words of dis- 
gust and hatred find no place — whose face brightens 
with sympathy towards all living things — whose eyes 
sparkle with laughter at the merry ways of dumb depend- 
ents, and fill with tears when they die. How pleasing 
to see the litde hand that plunges fearlessly among the 
favourites of the vivarium, to grasp with tenderest care 
some fragile life and hold it up for our adnairation, 
How pleasing to see the child who neither strikes down 
butterfly after butterfly with thoughtless caprice for the 
sake of gazing for an instant at their beauty, nor stamps 
his tiny foot with fury on a beetle or a worm on account 
of its fancied ugliness. The heart softened betimes will 
never afterwards be suUied by cruelty. On the contrary, 
the germs of kindliness thus early planted will surely 
grow and ripen, until they spread their protection around 
every inofiensive living thing that God has created. 

At the begirming of this commentary it was mentioned 
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that a few verses of the Hymn would be omitted, not 
indeed from their being unsuited to arouse devotional 
feelings, but because they were scarcely adapted to the 
kind of illustration which has here been followed. I 
cannot, however, pass from the subjeil without at least 
some allusion to them. One verse carries our thoughts 
back to the marvellous things that were done in olden 
time for the sake of the people whom God had chosen; 
another calls to our remembrance the fiery furnace at 
Babylon, and the ordeal through which the Three 
Children passed in safety, because they were upheld 
by the power of the Lord. In one verse, they who are 
specially set apart for the sacred service, and are placed 
among us as the ministers and stewards of its mysteries, 
are called on to join in the work of praise; in another, 
we are reminded of that higher and purer worship which 
Angels and the spirits of just men made perfe<5l are 
privileged to offer to the Throne. In the appeal to the 
holy and humble men of heart, we recognise the fitness 
with which holiness and humility are ever associated 
together as the best preparation for approaching the 
footstool of Infinite Power. Lastly, in the invocation 
addressed to the servants of the Lord, and to all the 
children of men, we feel the Hymn brought home more 
especially to ourselves, and we join heartily in the chant 
laised throughout the universe in honour of the Great 
Creator, 

It has been my aim to point out that the beauty in 
which "all the works of the Lord" are enshrined is not 
a mere garnish on which we are only to expend criticism 
or praise, but a substantial blessing expressly created for 
our enjoyment, and for which we ought to be thankful. 
With what gratitude ought we not to mark that all 
nature is moulded, grouped, and combined in endless 
varieties of loveliness, so as most fully to gratify that 
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longing after beauty with which we alone among earthly 
beings have been endowed! Can it be right habitually 
to treat this privilege with negledl, or to pass coldly on 
without appreciation or acknowledgment? This sense 
of beauty is to be viewed as the overflow of the riches 
of our Father's love. When all our wants have been 
satisfied — after we have been fed and clothed, housed 
and warmed — this good gift has been added over and 
above, as an ever-blooming flower laid upon our path 
through life, to be enjoyed and acknowledged with ador- 
ing thankfulness. 

It has likewise been my aim to combat that apathy 
which freezes the springs of gratitude, and which, being 
satisfied with general acknowledgments, makes no effort 
to understand those details of providential design that 
knit us so lovingly to our Father. Truly there is nothing 
more chilling to adoration than that indifierence which 
hardly seems to be conscious of the atmosphere of bless- 
ings in the midst of which our lives are passed, and which 
accepts these blessings as if they were the results of aim- 
less accident, rather than guided specially towards our 
individual selves by the hand of God. How much more 
happiness-bringing is it to cherish that sensitiveness of 
disptosition which is ever on the alert to discover new 
evidences of heavenly level Every fresh illustration, 
as it flashes upon the mind, will then surely touch a 
cord within which will send up adoration from the heart 
To "praise the Lord with understanding" is the height 
to which the Psalmist exhorts us to aspire, but it can 
only be reached through knowledge and refledlion. To 
the mind thus prepared the words of the Benedicite are 
replete with meaning, and never fail to call forth the 
honouring worship they are intended to awaken. Where 
shall we find a hymn in which the Creator is more loftily 
portrayed as the Father who blesses us — as the All-wise 
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Architect, whose work is worthy to be praised — and as 
the mighty Ruler of the universe, to be magnified for 



May I venture on a word of appeal to those who 
fancy they see a snare in the exaltation of the material 
works of God, and suppose that the adoration which 
springs from the contemplation of them detracts in some 
way from that other adoration which is the fruit of 
Christian faith: — as if the worship resulting from the 
contemplation of God the Father and Creator were 
antagonistic to that arising from the contemplation of 
the work of God the Son and Redeemer. It is difficult 
to imagine a greater error, and it robs us of an ample 
theme for praise. Our Father lays no such snares 
against the good of his children; if there be a doubter 
let him look round and watch His ways. Natural The- 
ology and Christian Theology can never be really op- 
posed or antagonistic; on the contrary, they only serve 
to strengthen and confirm each other. Let each occupy 
in our thoughts its proper place, and liien neither of 
them can be too much cherished. 

In whatever direftion we survey the universe we see 
that nothing is isolated, and no one thing exists without 
being adjusted to other things. All is in the most 
perfefi harmony. Nothing that could be added, or 
that could be withdrawn, would make creation more 
perfed than it is. In tracing the tender care lavished 
upon every living thing, the conviflion sinks deeply into 
our hearts that inexhaustible benevolence constitutes 
the design of God to all. It is written everywhere, and 
on every thing. Trustingly, contentedly, hopefully, there- 
fore, we look upward to our Father. The comfort of 
such thoughts is abiding and unspeakable. Our Father 
makes everything, plans everything, cares for, feeds, 
clothes, and proteds everything; and if the all-wise laws 
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which govern the world do sometimes bring a passing 
sorrow upon its inhabitants, how little does this appear 
when compared with the blessings which at every instant 
are showered upon them. May it not even be said, that 
the physical evils attendant upon fallen nature are often 
so tempered through our Father's mercy that they seem 
to change their very nature, and to be converted into 
blessings? 

There is a longing which irresistibly draws us on to 
contemplate the attributes of the Deity, even though 
conscious that we can never fully comprehend them. 
His Omnipotence fescinates our thoughts. Though ever 
baffled, we return to it again and again; — hopeless to 
fathom, yet e^er to see more. Sometimes we try to 
grasp more largely the idea of His Omnipresence. Again 
our efforts falter and break down. But, though we seek 
in vain to elevate our understanding to the level of such 
ideas, there is nothing in the material world which lifts 
us up higher or brings us nearer to success than the 
marvels of Natural Theology. Through it we see His 
presence, power, and government proclaimed by every 
star that glimmers in the depths of space, and we feel 
that we have thus won for ourselves a loftier and clearer 
view of Him than we previously possessed. Or, if we 
turn to the opposite end of the material world, we can 
still trace the same finger fashioning with exquisite skill 
the microscopic particles of matter, and the perception 
that every existent atom is in contaiSi with Omnipresence 
becomes more real and praftical than it was before. 
Well might the Psalmist ask — Whither shall I go from 
Thy presence? It is as distima and palpable at the pole 
of minuteness as it is at the pole of immensity. 

A great Prophet — a man after God's own heart, and 
who spoke with the authority of inspiration — has left in 
The Book of Psalms a standard by which in all com- 
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ing time we may learn how the Lord is to be praised. 
As the direia work of the Holy Spirit, it has inherently 
a weight to which nothing merely human can lay claim, 
and it is instiudtive to mark the general agreement that 
subsists between the last three Psalms of David and the 
Song of the Three Children, There is in both the same 
flood-like pouring forth of praise, and the same earnest 
striving that everything in every possible way should serve 
to swell the voice of universal adoration. The Lord is to 
be praised " in the sanctuary " and "in the firmament of His 
power," or throughout the realms of infinite space. He 
is to be praised with trumpets, psaltery, and harp; with 
timbrel and dance ; with stringed instruments and organs, 
and high sounding cymbals. How emphatically music is 
here indicated as an aid in the outward expression of 
devotional feehng, and how vain it is to affeiSt to contemn 
as sensuous a means which thus comes to us not only 
sanctioned, but enjoined, by the inspired Psalmist. Ages 
change, and we are changed in them, but the principle 
that was originally good never yet became evil merely 
through the lapse of time or the force of accidental asso- 
ciadon. Music is, after all, only one of the ways by which 
emotion seeks to give itself utterance, and when it falls 
on sympathising ears it sometimes succeeds in rousing 
or softening where words alone might fail. Listen to 
the strains in which the Psalmist of Israel calls upon the 
whole universe of being — intelligent and unintelligent — 
to join in one glorious hymn of praise in honour of their 
Lord and Creator: — 

Praise ye the Lord from the heavens : praise Him 
in the heights. 

Praise ye Him, all His angels; praise ye Him, all 
His hosts. 

Praise ye Him, sun and moon : praise Him, all ye 
stars of light. 
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Praise Him, ye heaven of heavens, and ye waters 
that be above the heavens. 

Let them praise the name of the Lord : for He 
commanded, and they were created. 

He hath also stablished them for ever and ever : and 
He hath made a decree which shall not pass. 

Praise the Lord from the earth, ye dragons, and ah 
deeps: 

Fire and hwl ; snow, and vapours; stormy wind fulfil- 
ling His word : 

Mountains, and all hills; fruitful trees, and all ce- 
dars; 

Beasts, and all cattle; creeping things, and flying 
fowl: 

Kings of the earth, and all people ; princes, and all 
judges of the earth : 

Both young men, and maidens; old men, and chil- 
dren: 

Let them praise the name of the Lord : for His name 
alone is excellent; His glory is above the earth and 
heaven. 

Let every thing thit hath breath praise the Lord. — Ps. d. 
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QBRMANT (HiBiOBy oy). From tha Inruioii by Mtriut, to Beeent 
GIBBON'S (Edvibd) HUtory of the Decline and Fall of the 

Preceded by hla' Asloblognphy. And Edited, with Notaa, hy Dr. Wb'. 

(The StodenVs Gibbon) ; Being on Epitome of the 

•hoTflwiirk.liiCDrixiutinprtheReieirehesofRHWDtGommeDUton, By 
Dr. Wh. Smith. Woodcuts. PhISto. T*. 8d. 



eid) Deede of Naval Daring; or, Anecdotee of 



Speeches on Parliainentary Befonn. Third 

£dltii>*. Po»18to. 6t. 

GIiEIG'B (Q. B.) Campaigns of the British Army at Waahingtcn 
■nd Mew OrlMDB. FobI Bfo. li. 

SWry of the BatUe of Waterloo, Post 8yo. S#. 6i. 

Narratiye of Sale'i Brigade In AETghanlatan. Pa«t8vo.2f. 

Life of Bobert Lord Olive. Post 8to. Zt. Od. 

Sir Thomas Hddtd. Port 8yo. S*. drf. 

n, .., >^.OOl^lC 



LIST OP WORKS 



aOLD3MITH'S (Omtm) Works. A Naw EdiUon. Edited with 
Notes br PiTiB CDinnsaHiii. VlgnaCtei. 4 Vola. Bvo. SOi. 

<K)SGOBA; An Historical £bU7 on the Timea of Philip III. and 
IV. ot8|»lii. With III nalmlLons. By AwJHOiiCos Chd*™*. Pot- 



GBAMUAB9 <Latir and Gbees). See Cdbtics ; Sxitq ; Eiho 

EdWIED VlTH.. &C.&C. 

GREECE (HisToar or). From the Esrlieet Times to the Boman 
CooquHt. B; Wh. SuiTH, LUD. Wndcuta. P<»18tci. Ji. ed. 

(SMiLLBB HuTOKT Of). By Vfu. Skith, LL.D. Wood- 

GBBNVILLE <Thb) PAPERS. Being the Pnblic and Prints 

ComBi»ndence of Gwrga GTeiiTlIle, IndudiDK hia Putati Diiit. 
Edited by W.J. BxiTa, 4 Tola. Bvo. I«i. eiMih. 

GREY'S (Earl) CorreBpondeace with King WillUm ITth. and 

sir Bertnrl Tiylor. ftom KoT«mbei, 1830, to Itie Piuliig of (be Refonti 
with 



OEUNER'S (Lkwis) Tem-Cotta Architecture of North Italy, 

Prom csreful Dr.wiuBBmd Kealoniiopa. With lUmtratiOPS, engriTed 

GBOTE'S (Georqi) Histor; of Greece. Prom the Earliest Times 
to (be closB of iho ganflriilon canttmporBry »lih the de»tb of AleimdBr 
. tbeOrsAt. Fourth SdilieK. Mipn, SVoli, 8vo. His. 

- — - --- pLiTo.and the other Companions of Socrates. 

Suexd EJUim. 3 Voli. Bvo. iia. 
- ■ -(Mes.) Memoir of Ary Scheffer, Post 8vo. 8». id. 
GUIZOT'S fM.) MeditalioBB on ChriaUanitr, and on the Religions 



PUBLISHED BY MO. HUBRAT. 



— — — Hiatoiy of Europe dnrin^ the Middle Age*. 

TenlliEditim. 3 VolB. Bvo. ao».,or 3 Voli. Post Sro, 18t. 

Thg Stndent'i HalJim. An Epitome of the History 

«fEiirop«rturln>th" MWdiaA«B. With Additional Noies .nd IIIub- 
twUon-. Br W«, Smith. LL.D. Post Svo. Uolfarm witH IhB ■' Slu- 

Literarj Hiator; of Europe, dnring tie 16tb, Iflth sdiI 

ITth Centuilei. Faa-li MdiUai. S Vols. Sio. Bti., or * Vola. Foat 
8yo. Ut 

Hialoricftl Worki. Contuning History of Bngiand, 

— Middio Agea or Eoiope, — Literary Hldtory of £iiropB. 10 Vols. 
PoatSTo. 6j. e«di. 

(Abtbcb) Bemaliu; in Verse uaA Proao. With Pre- 

ttte, Uemotr, and Portnit. Fap. an. li. 6d. 
HAMILTON'S (JiMEs) WMderinga in North Africa. With IlluEtra- 

tions. PoBt 8to. llf. 
HANNAH'S (Rev. Dr.) Bimpton LectureB for 1863; the Divine 

and Hlihiid ElsnMDtgIa BaJy 8«rl;tii». Svo. lOi. 6if. 
HART'S ARMY LIST. {<iamitTly <md Anwaaay.) 8vo. 

HATS (J. H. Dbithhobi>) Weetorn Bsrbuy, ita Wild Tribei sod 
gangs Anlmale. Post Sro. Ii. 

HEAI)'8{3iBFuHais) Horse andhia Rider. Woodcats. PostSro. U. 
Royal Engineer. llluBtrations. Svo. 

Rapid JoomeyB acroBi the Pampas. Post Svo. 2$. 

Babbles from the Bnumen of Nassau. Illnstrationa. 

PwlSro. It. id. ' 

- — - — Bmigtant. Foap. Svo. 2a. td. 

Stokere and Pokera ; or, the London and North Western 

E»ilir»7- PostSvo. S». 
(Sib EniCDini) Shall and Will; or. Future Aoiillary 

VBTba. Fcap.STO. 4>. 

HBBEB'S {Bishop) Jonmey through the Upper Provinces of India, 
ftom Olcutr. to Bointiir, »ilh nn Arcnont of 1 Jnumor to Miidrii ' 

Poetical Works, including Palestine, Europe, The Red 

Sen, lljinnB, be. Eiilh EdiHon. Porlmit. Fnip, Svo. Si. 

Hymns adapted to the Weekly Church Service of the 

Year. 16d,o. l..«d. 

HEBODOTUa A New English Terdou. Edited, with Noto* 

iind Ehkts, hlsbnioal, athnognpblcil. ud i^gjaphiuL br Rev. S. 
R»wiiB«0B, ■Hiiatid by Sin Hanai Rawumboh and Sm J.G.Wii.. 
KiHffiui. Btamd Edidai. Maps and Woodcuti. 1 VdIs. 8td. 4&r. 



16 LI8T OP WORKS 

FOREIGN HANDBOOKS. 
HAITD-BOOE— TRATEIrTALE. EnglUh, French, German, and 

lUUu. ISmo. Si.eii. 

KOETH OBRMANT,— HoLUHP, Biiairo, Pbob- 

— — SOUTH OERMANT, BavMia, Aoatria, BtyrU, 

fluUbirr, Ibe Aiutr(u lod BanHu Alpi, Uh Tynl. Hnngirj, and Cha 
Duub<,ftam DlmUtbaBlKkSn. Map. FottSro. I0>. 
KNAPSACK GUIDE TO THE TYKOL. Post 8to. 



- PAINTING. German, FlemUh, and Dnbsh Schools. 
] 

SWITZERLAKD, Alpa oT Savoy, and Piedmont. 

Uipa. Post Bvo. lOi. 

KNAPSACK GUIDE TO 8WITZEELAND. Post 



th« Fyniwea. Map*. Post 8va. i 

COESICA and SAEDINIA. Maps. Poat Svo. 4s. 

PARIS, and ita EnTirona. Map and Plana. Post 



SPAIN, AudaluRia, Ronda, Granada, Talencia, Cala- 

lonla.aalIlcla,Amg«>i,u1dNivane. Hapa. FutSvo. IIh Ihi Pmi.) 

POETCGAL, LiBBOF, ic Map. Poat Bto. B*. 

NOBTH ITALY,' Piedmont, Liguria, Tenetia, 

Lombardy, Farma, Modena, and Ttomafna, Uap. Post 8to. ISi. 

CENTRAL ITALY, Lncca, Tuscany, Florence, The 

Ua[cli«i,UinhrU,(nd the PalrlinaTir of St Pcter'B. Hap. Poat Sro. lOi. 
ROME ISD 1TB Entibokb. Wap. Poat 8to. 8a. 

SOUTH ITALY, Tiro Sidliea, Naplea, Pompoii, 

HaRnUnenm, and TcsnOua. Hap. FoBtSTO. lOi. 

KNAPSACK GUIDE TO ITALY. Post 8vo. 6*. 

SICILY, Palenno, MeeaiDa, CaUnia, Sjracnse, Etna, 

PAINTING. The Italian ScLoo!b. Edited by Sir 

CnaKLia EasTLiaE.K.A. Wnodcuu. S Vols. FoitSro. SOt. 
LITES OF ITALIAN PAINTERS, paOM Cimabbb 

-' DENMARK, Swbpbii, and Nobwat. A'ew Edition. 

Utp!. Post Bra. (la FrttaraliBii.) 
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HAND-BOOK— KNAPSACK GUIDE TO NORWAY. Map. 

RPSSIA, St, PETER9BrBHH| Moscow, PotABD, and 

FiSLiMB. Mops. PMlSira. ISj. 

■ GREECE, the Ionian lalanda, Albania, ThflBaaly, 

and SusedDDlI. M»p«, PobISvo. {la prcparaHon.) 

_ TURKEY, Malta, Aeia Minor, ConBtantinople, 

Armentfti UflBDpoumia. &«. M«pfl, PoatSvo. {Li pr'paratwa.) ^ 

ROYPT, Thebes, the Nile, Aloiandria, Cairo, the 

PyrMitds, Mognt Sioii, *0. Hap. Pool 8to. tSi. 

HOLY LAND — Syria ahd PiLEsiiBB, Peainsnia 

orsiuHl, EdDiDpSodS/rinii D»erk Hipa, 2 Voh. l-iiBlBn. iu. 

INDIA — DoMBiT AHB MiDBJa. Map. 2 Volg. 



ENGLISH HANDBOOKS. 

HAND-BOOK— MODERN LONDON. Map. IBmo. Za. 6i. 
WESTMINSTER ABBEY. Woodcuts. Ifimo. 



irsllf or Oifoid, ind thBDexxat of the Thames. Map. Post 8«>. 

- GLOUCESTER. HEREFORD, asd WORCBSTBR- 



- NORTH AND SOUTH WALES, Bangor, Car- 



YORKSHIRE, Doncasler, Hull, Selby, BeTerley, 

SearboroDgb, Wuitbf, Hsrmgtte, KIpsi), Lwla, Wnkefiiild, Bruiroi^ 
sUfiH, Uuddetsflald. Sh-ffflBld, Map aod PMns. Po«8™. 12». 



18 LIST OF VOSKS 

HAND-BOOK— DURHAM AHD NORTHUMBEIiLAND, New- 

culle. nirllnilan, GitekhUd, Blnhoti AucklmmL, HlnckUID, HKrllepwil. 
SunderliDd. Sbidds, BftHlck-an-Tweed, Uocpelb, T]iKnioulh, Gold- 
■lium, Alnwick, £c. Uop. PoalSio. Oi. 

WESTMORLAND abd CUMBERLAND— Lm- 

Kfiwlik, Cnsmcn, Cullbia, C>iclLiriDiou:b, Pcorltli, Appleby. JUp' 
>.• MDBRAT'aUAP0iTniiL>iii8,nn»nT>i. S: M. 

■ EASTERN COUNTIES, Eesex, Suffolk, Norfolk, 

ud Ctmbridgs. Uip. Po&ISvo. (/nUiiVui.) 

■ SCOTLAND, Edinburgh, Melroee, KeUo, Glaaftow, 

nmndifs, Ajr. Srirliiia, Aimi.. Tlie Clyde, Ob.n. Inverary, Lnch 

Venh, Dumtea, Abrrdn-n. Bucniiir. Skye, Cillbne^i, Khs, Sutb«r- 
lud.Ai:. U-kvttoitUas. FostSio. 9i. 

IRELAND, DoMin, Bel&et, Donegal, Galwaj-, 

Wi-xford, Corlt. LImeriolt, W.lerford, llie Likes ol liillaruBX, Cum of 
MuBBUr, £c iUfa. roet^o. 13a. 
— EASTERN CATHEDRALS, Oiford, Peterboroagh, 

SOlfTHEENCATHEDEALS.Wmehsster.Salisborr, 

Exeter, "Aells, CblcliesUr, Sochesler, CiuUtbiirj. With IIO Illustn- 



HAND-BOOK OP FAMILIAR QUOTATIONS. From EngUah 

HE^EY (Ekt. Db.), Sunday- Its Origin, History, and PrsBent 
ObllgLllons. BfIdk tb> Ltimplan LrrTun i> for IbGO. Stanii Siitian. 

HICOIAN'S (Wii.) Treatise ob the Law and Practico of NavoV 



HOLLWAys (J. O.) Month in Norway. Fcap. 8vo. 2>. 
HONEY BEE (Thb). An Essay. By Rkt. Thomas Jahu. 

Bepcintcd from tbe " Qurterly Bevlev." Fciip. Bto. 1j. 
HOOK'S (Deah) Chnrch Diclionary. i^tn^ Edilion. 8to. IOa 

(Thkodork )Life. By J. O.Looebirt. Fop. 8to. la. 

HOPE'S (A. J. B.) English Cathedral of tho Nineteenth Century. 

HOPE'S tT. C.) ARCHITECTURE OF AHHEDABAD, with 
Illrinriril Sketch and Arch Itectnnl NolfB by T. C. Hopi, and Jahis^ 
FRI10EE9I1II, F.U.S. Wlih 1 Mnpi, liU Fbsti'grapbs^ nud 3S Woodcutn. 

- _ — LJ_. BEJAPOOR, with Hiatorical Sfceleh and Ar- 
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HOHII AND COLONIAL LIBRART. A Series of Works 
-■daprsd Ha illdnlei and c]>a»a of RuderR, h^Tlng heea KLccted 
forHn-lr MknowlailgBd fnteraat, sdd iblllty of (ho Anihors. Post Svo 
Fobllahed at is. ud S(,ftl.euta, ud uiuged noder Uo djgtiiictita 
hudiufoUoiTi.'— 

CLASS A 
HISTORY, BIOGRAPHY, AND HISTORIC TALES. 



[. 8IEGE OF OIBRALTAB. By 



1. LIFEorSinFRANCIS DRAKE. 

Bj Jobs Bakbow. S>. 
G. CAUPAIONS AT WASHING- 

TON. By Bit. a. B. Gleio. Sa. 
e. THE FRENCH IN ALGIERS. 

By Ltui DoFtOOBDOH. 2j. 
T. THE PALLOF THE JESUITS. 



; SIEGES OP VIENNA. 
By Lord Ellebhiri. 2i. 
I. THE II 



tgermanlife. 

Ur Hre A. (iOlDOH. 3>. ed. 
(. THEBATTLBokWATERLOO. 

ByBiT. 0. R. Qluo. Sj.Sd. 
S. AITTOBIOORAPHY OF BTEF. 



THODAS ClHTBIU 



10. BALE'S BRIG.'^DE. By Rn. 



BAYS. By 

). LIFE OF LORD GLI7E. By 
1U». G. B. Glkq. Sj.M. 

19. NORTH - ■WESTERN RAIL- 

WAY. BySuF.U.UBiD. 2f. 

20. LIFE OF MUNKO. ByRlT.G. 

R. Oi^a. Si. M. 



CLASS B. 
VOYAGES, TRAVELS, AND ADVENTURES. 



I. BIBLE IN BPAIN. By Oioebe 

BOBBOW. 3>. 01. 
3. GIPSIES OF BPAIB. ByOiOKOi 

a&4. JOURNALS IN INDIA. By 
BtBEOPHUBB. SVqIs. 7i. 

B. TRAVELS IN TDE HOLY LAND. 
BylRBYindMisoLiJi. Sj. 

8. MOROCCO AND THE MOORS. 
ByJ. DbuioiobdHai. 2.. 

7. LETT EBB FROM THE BALTIC. 

BytLujc. it. 

8. NEW SOUTHWALES. ByMM. 

Hbbsdith. 3i. 
fl. THE WEST INDIES. ByU.O. 
LBwie. 2>. 

10. SKETCHES OF PERSIA. By 

SiB Jobs Ualcoul Si. 6d. 

11. UEUOIRS OF FATHER R] 

II. 13, TYPEB AND OHOO. By 



11. MIBBIONABY LIFE IN CAN- 
ADA. By Sit. J. ABBOTT. Si. 

>.' Eub work DUiy ba bi 



IE. LETTERS FROU MADRAS. Be 

»L>BT. i». 
la. HIGHLAND SPORTS. By 

17. PAMPAS JOURNEYS. By SiB 



IS GATHERINGS PROM BPAIK. 

By RlCHAED FOBD. Si. «£ 

19. THE RIVER AMAZON. By 

W. H. Edwabm. 2i. 
10. MANNERS A CUSTOUS OF 

INDIA. ByRBT.G.AouHD. £>. 
SI. ADVENTURES IN MEXICO. 

By G. F. RinnHi. Si.M. 
81. POETOQAL AND OAUJCIA. 

By.LoBB ClBDABfan. Si. Bd, 
IS. BUSH LIFE IN AUSTRALIA. 



ly B«T. H. W. B 
H. THE LIBYAN DESERT. 



>.H<^^^^K' 



LIST OP WORKS 



HORACE (WoBEs or.) Edited bj Dub Milhah. With lOO 
Woodcuts. Crown s.o. 7J.M. 

(Life of). By J)uh Uhhav. WoodcntB, and colanred 

Bordom. 8to. Bi. 
HOUGHTON'S (Urd) Poetical Works. Fc«p. 8vo. 6*. 
HUME (The STnuEKT'e), A HUtoiy of England, from the Invasion 



lEBT AND MAriOLES' TraveU in EgTpt, Nubia, Syria, and 

the Hoi; Lud. PdetSmi. !l. 

JAUE3' <Ret. Tbohas) Fables of Miop. A New Tmnslation, with 
HtsloKciil Prrf.ce. WIUi 100 Woodouta by Tkkbisl tod Wotr. 
FifUiA noutand. FOHt 8vo. 3>. Sd. 

JAMESON'S (Mrs.) Lives of the Early Italian Puntere— 

JENNINQS' (L. J.) Eighty Years of fiepublicau GoTemmenl in 
JESSE'S (EnwARD) Gleanings in Natural Biatoi;. Eighih Edition. 
JOHNS-^Rkv. B. a.) Blind People ; their Worka and Ways. With 

Bkelclies or Iha LlT<s of boid« funau> Blind Mea. With IlluHIruioiu. 
PojISto. T..W. 
JOHNSON'S (Dr. Sahdel) Life. By James Bosirell. Including 
the Tovr to the Hebrides. EdiUd bf Mb. Cbokiib. PorlnlU. 

— — Lives of the English Poets, Edited by Petkb. 

CmsmaBiH, 8 vols. Sro. Ui.SiI. 
KEN'S (Biaaop) Ufe. By a Lavmab. Portr^t. 2 Vols. 8vo. IBs. 

Elpoailion of the Apostlea' Creed. Fcap. la. ^d. 

Approach to the Holy Altar. Fcap. 8vo. 1». 6d. 

KENNEDY'S (Gbbebal) Notes on the Battle of Waterloo. With 

a Memoir gf hiB LlFe lod Servlcu, end t Plsn for tba Defence of Cuiad*. 
KERR'S (RoBBRT) GENTLEMAN'S' HOUSE ; or. How to Plah 

EkOUBH KESIDIKOIS, from TH» PaBSOKIQB to the PiLlOE. With 

TAblcB and Cast, Viewa end PIuib. Sttond EOiHiia. Sro. III. 

Ancient Lights; a Book for Architects, Surveyors, 

IjlW7er9,aiid Lindlerde. Sto. 6i,6d. 

(R. Malooim) StQdent'» Blackalone. A Systematic 

of the™"' pofi'i V° 51 a™"" '"' *^ ^"""' """ 

KING'S (B«T, C. W.) AnUqne Gema ; their Origin, Use, and 

Yelue, as InUrpnlers of Ancient History, ind u illiiatratlve of Anclenl 

KINGt EDWARD VIi'h'h Latin Gramnaar; or, an Introduction 
to the Latin Tengus. Staenltenlh EMitm, llmo. St. 6i. 

First LaUn Book; or, the Aecidenee, 

Syntu, tmd Prosody, with aa English TnuuIMtoD. Fija Afilim. 19ido. 
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SIRE'S (J. FoBTiB) History of Cliu'l«s the Bold, Duke of But- 

gnndr. Forlrmll, SVoli. 8ro. 45i. 

KUQLBR'a Ibdiau Schools of Psintiag. Edited, vith Notes, by 
Sib Cbirus Eistueb. ThM Sditim. Woodcuts. 3 Vols. PoU 



Edited, w 
LATARD'3 (A. H.) NinoTeh uid lU Remaina. Being ft Nar< 

or DevH-wonlilppen ; and im Enquiry Inlo the Minnen ud ArU of 
the Ancient AasyiluLt. Sixlh Hdiliim. Pliun sDd WoodcaU. 9 Tola. 



With Illumrallona. PostSi-o. 7». M. 
LEATHES' (SuHUi) Short PracUrat Hebrew QTsmmu-. With &n 
Appeodli. cain[»tniiig the IIol)rew Taut nf Genebli i.— vl, uid Psilms 

LENNEFS (Hby. H. J. Tan) Mifiaionary Travels in Alia Minor. 

With ILluBlnilion*. SVoli. l-ostSvo. (l« pr^paralUm.) 
LESLIE'S (C. K.) Handbook for Yoaog Pinters. With lUuatn- 



Life and Works of Sir Joshna Rejnolda. Por- 

LETTERS FROM THE BALTIC. Bj a Lady. PobE 8vo. 2s, 

Madub. By a Labi. Post 8to. 2». 

SiiB&A LiOBS. Bj a Lact. Foat 8to. 3*. td. 

LEVrS (Lbohi) Wages and Eaminga of the Working Claasea. 

LEWIS(SiBO.C.)OntheOoveramentof Dependecciet. Sto. 12«. 

GloBsary of Prorincial WohIs need in Herefordshire, So, 



UHDSAT'S (Lord) Lives of the Lindsays ; or, a Memoir of the 

Houaea of CnwAird and BdcAms. With Eitnctt Itom oaoiAl Fapen 
ud [•uwiiAl HimtiTes. Saamt SdUion. 8 ToIb. Sts, lit. 
LISPINGS from LOW LATITDDES; or, the Jonmal of the Hon. 
ImpDlBlaGuabinglon. Edll«dbf Loai>Durruu.WliliSlPli(ea.Uo.SlA. 

n. ... >^.OOl^lC 



23 LIST OF WORKS 

LITTLE ARTHUE'S HISTOBY OP ENQLABD. By Ladt 

CxLLCOTT. KcB Sitilion, cmlmued to 160). Wltb SO WdoiIeuU. 
LIVINGSTON E'S (De.) Popular Account of bis Miaaionary 



LITONIAN TALES. Bj the Anllor of " Letters from the 

Bsltie." PoBtSTo. Si. 
LOCEHAKT'S (J. O.) Ancient Sptuiiah BalladB. BUtoricat and 

Romuitlo. Tniu1i.Ud, wlUi Natea. Ntw Edilion. Futem. 2i.Sii. 

~^- Life of Theodore Hook, Fcap. 8vo. H. 

LOHDON (OLD). A Eeties of Ebmjb on ita Archieology and 

AntiquUleB,li!DE>H»T>n.BT; A. J. Be(bsfobi>Hope.M.P.;0. G. 

Boon, R.A.: H. WaiTiiicoTT.K.A.; E. Fobs, F.B.A.; G. T. CuBK; 

LONDON'S (Bishop of) DangerB and Safeguards of Modern 

Thenlogy. CDDUiaiu)- SuggxHilcns lo the Thenlaglul Studant imdar 

prewat dlfflcnltiE^. Becmd EdUiiKt. Svo. Bj. 
LONSDALE'S (BiBHOP) Life. With Selections from hie Writings. 

By E. B. Dkkibuk, q.C. Willi Portrait. Crown Sve. lOi-Sd 
LOUDON'S (Mna.) Instnotioas in Gardening. With Diredions 

(odCili'iidiLrofOpentloDarorETarrUoDUi. XiihA SJilim. Wood- 

auta. Fcap.Svo. S(. 
LUCAS' (SiMtiBL) Secularia; or, Sorrevs on the Miun Stream of 

HlBlorr. gva. m. 
LUCKNOW : a Lad/s Diary of the Siege. Fcap, 8vo. ii. 6d. 
LYELL'8 (SiH CaAaLKB) Elements of Geolog;; or, the Angient 

ClUDgcB of tbs Eulh ud iU InlwUtuit* u Ulnatnled bj Gsologicil 



— — - — Principles of Geology; < 

oCthe Eirth and Its InhiblUnts wiiglde 
TtnlhBdiliBK. -WiUi UluBtisliona. 2 Voia. ovo. asi. 

Geological Evidences of the Antiquity of Uan, 

Third Ediium. lUuslntiona. Sio. 111. 
LTTTBLTON'S (Lord) Ephemera. Post Svo. lOs. Gd. 
LYTTON'S (Lord) Poems. Ifeiv Edilion. PostSTO, 10«, 6(i. 
— ■ — - KighUnI Heir; a Drama. Second Edition. Svo, 

it.ed. 

— - Lost Tales of Miletus. Second Edition. PostSyo. Tb.GA 

UACPHEBSON'S (Uijos S. C.) Memorials of Seirice la India, 

8ro. 121. 
MAHON'S (Lord) Works. See Stashofi (Earl of). 
MeCLINTOCK'B ( Sir L.) NarraUvo of the Discovery of Iha 

Fkte of Sli John FranLlin knd htB CempuilooB in tlie Anils Bau. 

IllDBtnitlDiia. Sro. lH. 
MCCULLOCH'S (J. B.) Collected Edition of Bidabho's Political 

Worts. WItbNoteiuid Memoir. Sro. IBi. 

3 Influenced by Modem 
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MAINE (H. ScHHRa) On Ancient Law. its CoDnection with (he 

Eirly Ulitor? afSoiUtr.BiidltsBelallontallodemliJeH. Sra, ISi. 
MALCOLM'S (Sib John) Sketches of Feraia. Post gvo. 3s. 6<L 
MANSEL (Dun) Limits of Religions Thought £iamine4. 

Being tba Bamptsn tdclures for 165S. Post Srs. Bt. td. 
MANTELL'S (Oideob A.) Thonghta on Animalcules; or, ths 

MANUAL OP SCIENTIFIC ENQUIKy! For the Use of 
Travellara. Edited to? Bir J. F. HiimcHitL nod Rst. K. SlAti. Maps. 
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